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Foreword 

This manual has been prepared to enable the users of the 
Series MELPS 7700 CMOS 16-bit microcomputers to better 
understand the instruction set and the features so that they can 
utilize the capabilities of the microcomputers to the fullest. This 
manual presents detailed descriptions of the instructions and ad- 
dressing modes available for the Series MELPS 7700 micro- 
computers. 

For the hardware descriptions of the Series MELPS 7700 micro- 
computers and descriptions of various development support 
tools (e.g., assembler, debugger), please refer to the user's 
manuals and operating guidebooks for the respective hardware 
and software products. 
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Introduction of Series l\/IELPS 7700 Software 



1. Introduction of Series MELPS 7700 Software 

The software for the Series MELPS 7700 16-bit CMOS microcomputers was developed by 
making is numerous enhancements on the software for the Series MELPS 740 8-bit microcom- 
puter which are based on Mitsubishi Electric Corporation's proprietary designs. The enhance- 
ments include support of word (16-bit) operations and linear accessing of up to 16M bytes of 
memory space. 

The new software's compact and easy to use instruction set and the support of powerful address- 
ing modes will significantly increase 

:The Series MELPS 7700 microcomputers offer the following features 

• Upward compatibility for the Series MELPS 740. 

• Powerful addressing modes and fast and compact instruction set. 

• Direct page mapping function and memory oriented software system by direct paging. 
% Byte and word operations can be selected at will by the m flag. 

• The usual 64K bytes program memory boundary can be ignored for the practical 
purposes, and programs can be written to utilize the full 16M bytes of memory space. For 
data memory, linear as well as bank memory accessing are supported. 

• Bit manipulation instructions and bit test and branch instructions can be used for memory 
and I/O accessing of the entire 16M bytes space. 

• Block transfer instruction capable of handling blocks of up to 64K bytes each. 
® Improved stack accessing capability. 

• Decimal arithmetic instruction execution requiring no software compensation. 

The performance of the systems based on the Series MELPS 7700 microcomputers, whether 
used as advanced 8-bit microcomputer or next-generation 16-bit one. 
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Register Configuration 



2- Register Configuration 

The central processing unit (CPU) of each Series MELPS 7700 microcomputer has 10 internal 
registers (See Fig.2.1). Each of these registers is described below 



2.1 Accumulator (Acc) 

(1) Accumulator A (A) 

The accumulator A is the main register of the microcomputer, and data processing such as arith- 
metic calculations, data transfer and input/output operations are executed via this accumulator. 
It consists of 16-bit register, but it can be used as an 8-bit register by setting the data length se- 
lection flag m in the processor status register PS. The flag m is described in detail in a later sec- 
tion. The flag m value of "0" specifies 16-bit data length, and "1" specifies 8-bit data length. 
When operating under 8-bit data length setting, only the lower 8 bits of the accumulator A are 
used and the upper 8 bits do not change. 



(2) Accumulator B (B) 

The accumulator B is a 16-bit register whose function is equivalent to that of the accumulator A. 
The Series MELPS 7700 instructions can use the accumulator B instead of the accumulator A. 
Note, however, that use of the accumulator B requires more instruction bytes and execution 
cycles than when using the accumulator A. 



2.2 Index Register X (X) 

The Index register X is a 16-bit register, but it can be used as an 8-bit register by setting the index 
register length selection flag x in the processor status register PS. The flag x is described in 
detail in a later section. The flag x value of "0" specifies 16-bit index register length, and "1" 
specifies 8-bit index register length. When operating under 8-bit index register length setting, only 
the lower 8 bits of the index register X are used and the upper 8 bits do not change. 

In an addressing mode in which the index register X is used as the index register, the address 
obtained by adding the contents of this register is accessed. For the block transfer instructions, 
MVP and MVN, the contents of the index register X become the lower 16 bits of the transfer-from 
address and the byte-3 of the instruction becomes the upper 8 bits. 



2.3 Index Register Y (Y) 

The index register Y is a 16-bit register whose function is equivalent to that of the index register 
X. As in the case of the index register X, the index register length selection flag x can be used 
to use only the lower 8 bits of the index register Y. For the block transfer instructions, f^VP and 
MVN, the contents of the index register Y become the lower 16 bits of the transfer-to address and 
the byte-2 of the instruction become the upper 8 bits. 
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Fig. 2.1 CPU Register Model 
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2.4 Stack Pointer (S) 

The stack pointer (S) is a 16-bit register, and it is used when calling a subroutine, at the time of 
interrupt processing and when using one of the stack addressing modes. The contents of the 
stack pointer specifies the address (stack area) where the memory (RAM) registers that must be 
saved are to be stored. 

When an interrupt is received, the contents of the program bank register are saved at the address 
specified by the stack pointer's value, and the stack pointer's value is decremented by 1. 
Similarly, the contents of the program counter and the processor status register are saved in the 
order of lower bytes first (PC^, PCl, PS^, PSJ. Thus, the value of the stack pointer after an 
interrupt has been accepted will be 5 less than the value before the interrupt acceptance. When 
the interrupt processing is completed and the control is returned to the original routine, the 
registers that had been saved to the stack area are restored in the reverse order of the saving 
operation, and the stack pointer's value is restored to that before the interrupt was accepted. 
Similar operations are executed when a subroutine is called, except that the processor status 
register (and the program bank register for some addressing modes) is not saved. 

The registers other than those indicated above are not saved when an interrupt is Invoked or 
when a subroutine is called, so that provisions must be made in the application programs to save 
the registers if necessary. Also note that the stack pointer must be initialized after the microcom- 
puter is reset, because its content is indeterminable after reset operation. Normally, the highest 
address of the internal RAM is set in the stack pointer. The contents of the stack area will change 
by nesting of subroutines and acceptance of multiple interrupts, so that the subroutine nesting 
levels must be chosen carefully so as not to destroy the integrity of RAM data. 



2.5 Program Counter (PC) 

The program counter (PC) is a 16-bit register that contains the lower 16-bit values of the 24-bit 
program memory address of the instruction to be executed next. 



2.6 Program Bank Register (PG) 

The program bank register (PG) is an 8-bit register that contains the upper 8-bit (bank) value of 
the 24-bit program memory address of the instruction to be executed next. When a carry is gen- 
erated by incrementing of the program counter's content or when a carry or borrow is generated 
by addition or subtraction of an offset value to the program counter's content by execution of a 
branching instruction, for example, the program bank register's content is automatically incre- 
mented or decremented by 1 so that the bank boundary needs not be considered for application 
programming. 
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2.7 Data Bank Register (DT) 

The data bank register (DT) is an 8-bit register. Its contents are interpreted as the upper 8 bits 
(bank) of a 24-bit memory address under certain addressing modes. 



2.8 Direct Page Register (DPR) 

The direct page register (DPR) is a 16-bit register, which allows specification of a 256 byte space 
called a direct page in bank-0. This area can be accessed by 2 bytes in the direct page 
addressing mode. The contents of the direct page register specify the least-significant (base) 
address of the direct page area. A value in the range of O16-FFFF16 may be set in the direct page 
register. When a value of or higher than FFOI16 is set in the direct page register, the direct page 
area will cross over the bank-0 and bank-1 boundary. Normally, the lower 8-bit value of the direct 
page register is set to OOie since that reduces the number of cycles required for address genera- 
tion. 



OOOOOO16 



Bank-0 



OOFFFF16 
~010000i6 



00022216 



OOFFD616 



010FD5i6 



OOOOOO16 



OOOOFF16 



00012316 



When DPR=0000i6 



When DPR=0123i6 (Note 1) 



Direct page area 



When DPR=FFD6i6 (Note 2) 



Bank-1 



(Note 1) Cycles-count is incremented by 1 when the lower 8-bit of DPR is not OO16. 

(Note 2) Direct page is specified across bank-0 and bank-1 when DPR value is FFOI16 or higher. 



Fig. 2.2 Setting Direct Page by Direct Page Register 
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2.9 Processor Status Register (PS) 

The processor status register (PS) is an 11 -bit register, and it consists of flags that specify the 
status immediately after operation and bits that set the processor interrupt priority level. The C, 
Z, V and N flags enable execution of branching instructions depending on the flag values. Each 
bit of the processor status register Is explained below. 
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Processor Status Register (PS) 



(Note) Bits 11-15 are fixed at 0. 



[Blt-0] Carry Flag (C) 

This bit is the carry flag which holds the carry or borrow from the arithmetic logic unit (ALU) after 
arithmetic operation. It is also affected by the shift and rotate instructions. This flag can be 
directly set by the SECand SEP, and cleared by CLC and CLP instructions. 



[Bit-1] Zero Flag (Z) 

This bit is set 1 when the arithmetic operation or data transfer result is 0, and it is set 0 when 
such result is not "0". This flag is invalid for addition (ADC) instruction in the decimal-operation 
mode . This flag can be directly set by SEP and cleared by CLP instructions. 



[Bit-2] Interrupt Disable Flag (I) 

This is the flag that is used to disable all interrupts (except the interrupts by the watchdog timer, 
BRK instruction and division by zero). When this flag is "1", interrupts are disabled. This flag is 
set to "1" automatically when an interrupt is accepted, inhibiting multiple interrupt acceptance. 
This flag can be set using the SEI and SEP, and cleared using the CLI and CLP instructions. 



[Bit-3] Decimal Operation Mode Flag (D) 

This flag is used to determine whether to execute addition and subtraction in the binary-mode 
or in the decimal-mode. "0" specifies the ordinary binary mode. When this flag is set to "1", ad- 
dition/subtraction is executed with 1 word as a 2- or 4-digit decimal value (2- or 4-digit selection 
is made by the data length selection flag m). Decimal alignment is performed automatically. 

Note that decimal-mode can be used only bv the ADC and SBC instructions. 

This flag can be set by the SEP and cleared by the CLP instructions. 

Because this flag directly affects arithmetic operation, it must be initialized whenever the micro- 
computer is reset. 



[Bit-4] Index Register Length Selection Flag (x) 

This flag specifies whether to use the index register X or Y in the 16-bit index register length or 
in the 8-bit index register length. "0" specifies the 16-bit length mode, and "1" specifies the 8- 
bit length mode. This flag can be set by the SEP, and cleared by the CLP instructions. 
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[Blt-5] Data Length Selection Flag (m) 

This flag specifies whether to use the 16-bit data length or the 8-bit data length. "0" specifies 
16-bit, and "1" specifies 8-bit data length. This flag can be set by the SEM and SEP, and cleared 
by the CLM and CLP instructions. 



[Bit-6] Overflow Flag (V) 

The overflow flag has a meaning when adding or subtracting 1 word as a signed binary number. 
This flag is set 1 when the flag m is set to "0" and the result of addition or subtraction is outside 
the range -32768'-+32767, and it is set 0 otherwise. When the flag m is set to "1", this flag is 
set 1 if the result of addition or subtraction is outside the range -128-4-127 and set Oothen/vise. 
This flag can be directly set by the SEP, and cleared by the CLV and CLP instructions. This flag 
is meaningless in the decimal operation mode. 



[Blt-7] Negative flag (N) 

The negative flag (N) is set 1 when the result of data transfer is negative (bit-15 of data is "1" 
when the flag m is "0", or bit-7 of data is "1" when the flag m is "1"), and it is set 0 othen^/ise. 
This flag can be directly set by the SEP, and cleared by the CLP instructions. This flag is 
meaningless in the decimal operation mode. 



[Blt-8~B[t-10] Processor Interrupt priority level (IPLo~IPL2) 

The processor interrupt priority level (IPL) consists of 3 bits, and these 3 bits enable determination 
of 8 processor interrupt priority levels (level-0 ~ level-7). An interrupt is allowed only when its 
interrupt priority level is higher than the IPL value. When an interrupt is generated, IPL is saved 
to the stack area, and the priority level of the allowed interrupt is set in IPL. 

There is no instruction that can directly set or clear IPL0-IPL2. Therefore, in order to alter the 
IPL contents, the desired value must be first stored in the stack and then the processor status 
register contents altered using the PUL or PLP instruction. 
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3. Addressing Modes 

3.1 Addressing Mode 

When executing an instruction, the address of the memory location from which the data required 
for arithmetic operation is to be retrieved or to which the result of arithmetic operation is to be 
stored must be specified in advance. Address specification is also necessary when the control 
is to jump to a certain memory address during program execution. Addressing refers to the 
method of specifying the memory address. 

The Series IVIELPS 7700 microcomputers support 28 different addressing modes, offering ex- 
tremely versatile and powerful memory accessing capability. 



3.2 Explanation of Addressing IVIodes 

Each of the 28 addressing modes is explained on the pages indicated below: 



Implied addressing mode 9 

Immediate addressing mode 10 

Accumulator addressing mode 11 

Direct addressing mode 12 

Direct bit addressing mode 13 

Direct indexed X addressing mode 14 

Direct indexed Y addressing mode 16 

Direct indirect addressing mode 17 

Direct indexed X indirect addressing mode 18 

Direct indirect indexed Y addressing mode 21 

Direct indirect long addressing mode 24 

Direct Indirect long indexed Y addressing mode 25 

Absolute addressing mode 28 

Absolute bit addressing mode 30 

Absolute indexed X addressing mode 31 

Absolute indexed Y addressing mode 33 

Absolute long addressing mode 35 

Absolute long indexed X ^addressing mode 36 

Absolute indirect addressing mode 37 

Absolute indirect long addressing mode 38 

Absolute indexed X indirect addressing mode 39 

Stack addressing mode 40 

Relative addressing mode 42 

Direct bit relative addressing mode 43 

Absolute bit relative addressing mode 45 

Stack pointer relative addressing mode 47 

Stack pointer relative indirect indexed Y addressing mode 48 

Block transfer addressing mode 50 
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Implied 



Mode : 
Function 
Instruction : 



Implied addressing mode 

The single-instruction inherently address an internal register. 



BRK, 


CLC, 


CLI, 


CLM, 


CLV, 


DEX, 


DEY, 


INX, 


INY, 


NOP, 


RTI. 


RTL, 


RTS, 


SEC, 


SEI, 


SEM, 


STP, 


TAD, 


TAS, 


TAX, 


TAY, 


TBD, 


TBS. 


TBX, 


TBY, 


TDA, 


TDB, 


TSA, 


TSB, 


TSX, 


TXA, 


TXB, 


TXS, 


TXY. 


TYA, 


TYB, 


TYX, 


WIT, 


XAB 





ex. : Mnemonic 

CLC 



Machine Code 
I816 



PS 



: Mnemonic Machine Code ©x. : Mnemonic Machine Code 

TXA 8A16 TXA 8A16 

(m = 1,x = 0) (m = 0,x = 1) 







The upper-byte 1 
IS not transferred \|/ 







A 00000000 



(Note) When the data length differ between the transfer-fronn and trans- 
fer-to locations, data is transferred at the data length for the 
transfer-to location If, however, the index register is specified as 
the transfer-to location and the x flag is set to 1, 0016 is sent as 
the upper byte value 
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Mode : Immediate addressing mode 

Function : A portion of the instruction is the actual data. Such instruction code may cross over 
the bank boundary. 

Instruction : ADC, AND, CLP, CMP, CPX, CPY, DIV, EOR, LDA, LDT, 
LDX, LDY, MPY, ORA, RLA, SBC, SEP 



: Mnemonic Machine Code • Mnemonic Machine Code 

ADC A,#0A5H 69i6 A5i6 A,#0A5B7H 69i6 B7i6 A5i6 

(m = 1) (m = 0) 



Memory 



8-bit width 
A^ A+C + 
|A5,bI — 



Op Code (69i6) 



Operand (AS^^) 



[pg] 0000,6 



Program 
Bank Register 
[pg] FFFF,6 



y Program 
bank-PG 



16-bit width 



A-A+C+ 



A5,6i B7i6 



Memory 



Op Code (69,6) 



Operand (B7i6) 



Operand (ASig) 



|PG I OOOO16 



Program 
Bank Register 

[pgI FFFF,6 



V Program 
^ bank-PG 



Mnemonic 
LDX #0A5H 

(x=1 ) 



Machine Code 
A2i6 A5i6 



Mnemonic 
LDX #0A5B7H 

(x = 0) 



Machine Code 
A2i6 B7i6 A5i6 



Memory 



8-bit width 



Op Code (A2i6) 



Operand (ASie) 



[pg] OOOOic 



Program 
Bank Register 
[pg] FFFF,6 



K Program 
^ bank-PG 



16-bit width 



A5i6i B7i6 



Memory 



Op Code (A2i6) 



Operand (BTig) 



Operand (ASie) 



|PG| OOOOie 



Program 
Bank Register 
[pg] FFFF,6 



Program 
bank-PG 
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Mode : Accumulator addressing mode 

Function : The contents of accumulator are the actual data. 

Instruction : ASL, DEC, INC, LSR, ROL, ROR 



ex. : Mnemonic Machine Code 

ROL A 2Ai6 



(m 


= 1) 










b7 


bO 





























Carry flag Accumulator A 



' Mnemonic 
ROL A 
(m = 0) 



Macliine Code 
2Ai6 







b15 bO 










































< — 





Carry flag 



Accumulator A 
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Direct 



Mode : Direct addressing mode 

Function : The contents of the bank-0 memory location specified by the result of adding the sec- 
ond byte of the instruction to the contents of the direct page register become the ac- 
tual data. If, however, addition of the instruction's second byte to the direct page 
register's contents result in a value that exceeds the bank-0 range, the specified lo- 
cation will be in bank-1. 



Instruction: ADC, AND, ASL, CMP, CPX, CRY, DEC, DIV, EOR, INC, 
LDA, LDM, LDX, LDY, LSR, MPY, ORA, ROL, ROR, SBC, 
STA, STX, STY 



*. Mnemonic 
ADC A,02H 

(m = 1) 



Machine Code 
65i6 02i6 



: Mnemonic 
ADC A,02H 
(m = 0) 



Machine Code 
65i6 02i6 



A-A-f-C + 



DATA \^ 



Memory 



DATA 



Op Code (eSie) 



Operand (02i6) 



0000. e 



1236,, 



FFFR, 



Bank-0 



Direct Page 
Register 

+ I 1234^6 1 = 1236,6 



A-A-I-C + 



DATAh I DATAl 



Memory 



DATAl 



DATAh 



Op Code (65,6) 



Operand (02,6) 



OOOOie 



1236,6^ 



FFFF16 



Direct Page 
Register 

+ I 1234,6 l= 1236ie 



' Mnemonic 
LDX 02H 

(x = 1) 



Machine Code 
A616 02i6 



Mnemonic 
LDX 02H 

(x = 0) 



Machine Code 
A616 02i6 



DATA 



Memory 





DATA 










Op Code 


(A6,6) 


Operand 


(02,6) 





0000,< 



1236,6 



Direct Page 
Register 

I 1234,6 I = 1236,e 



X*- D ATAh ; DATAl 



Memory 



DATAl 



DATAl 



Op Code (A616) 



Operand (02,6) 



0000,6 



Bank-0 



FFFF,e 

Direct Page 
Register 
- I 1234,6 I = 1236,e 
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Direct Bit 



Mode : Direct bit addressing mode 

Function : Specifies the bank-0 memory location by the value obtained by adding the instruc- 
tion's second byte to the direct page register's contents, and specifies the positions 
of multiple bits in the memory location by the bit pattern in the third and fourth bytes 
of the instruction (third byte only when the m flag is set to 1). If, however, addition 
of the instruction's second byte to the direct page register's contents result in a value 
that exceeds the bank-0 range, the specified location will be in bank-1 . 



Instruction 



CLB, SEB 



: Mnemonic 
CLB #5AH, 04H 
(m = 1) 



Machine Code 
14i6 04i6 5Ai6 



: Mnemonic 
CLB #5AA5H, 04H 
(m = 0) 



Machine Code 
14i6 04i6 A5i6 5Ai6 



Memory 



9 9 9 9 9 9 9 9 



Op Code (14,6) 



Operand (04i6) 



Operand (SAig) 



001238i6 



Direct Page 
Register 

+ I 1234,6 1=1238 



Memory 



Op Code (14,6) 



Operand (04i6) 



Operand (ASig) 



Operand (SAie) 



001238i6 



Direct Page 
Register 

- I 1234i6 l= 1238ie 



} Bank-0 



OP 0 0 



001238ie 



001238i6 
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Direct Indexed X 



Mode : Direct indexed X addressing mode 

Function : The contents of the bank-0 memory location specified by the result of adding the 
second byte of the instruction, the contents of the direct page register and the con- 
tents of the index register X become the actual data. If, however, addition of the 
instruction's second byte, the direct page register's contents and the index register 
X's contents results in a value that exceeds the bank-0 or bank-1 range, the specified 
location will be in bank-1 or bank-2. 



instruction: ADC, AND, ASL, CMP, DEC, DIV, EOR, INC, LDA, LDM, 
LDY, LSR, MPY, ORA, ROL, ROR, SBC, STA, STY 



'. Mnemonic 
ADC A,1EH,X 
(m = 1,x = 1) 



Machine Code 
75i6 IE16 



Mnemonic 
ADC A,1EH,X 
(m = 0, x = 1) 



Machine Code 
75i6 IE16 



Memory 



Op Code (75i6) 



Operand (lEig) 



OOOO16 



1338i, 



Bank-0 



Direct Page Index 
Register Register X 

+1 1234,6 1 +r 



A-A+C+ 



DATAh I DATAl 



Memory 



DATAl 



DATAh 



Op Code (75i6) 



Operand (lEig) 



OOOO16 



1338i6< 



FFFF16 



Bank-0 



Direct Page Index 

Register Register X 
+ 1 1234,6 1 + 1 ;E6i6 



1338,£ 



Mnemonic 
ADC A,1EH,X 
(m = 1, X = 0) 



Machine Code 
75i6 IE16 



; Mnemonic 
ADC A,1EH,X 
(m = 0, x = 0) 



Machine Code 
75i6 IE16 



Memory 



DATA 



Op Code (75i6) 



Operand (IE16) 



OOOO1, 
4338 



16" 



FFFF16 

" Direct Page Index 

Register Register X 
+ Il234i6 I + I 30E6,6| = 4338i6 



A-A4-C + 



DATAh I DATAl 



Memory 



DATAl 



DATAh 



Op Code (75,6) 



Operand (lE^g) 



0000,( 
4338i( 



FFFRe 



Bank-0 



Direct Page Index 

Register Register X 
+ 1 1234,6 1 + 1 30E6i6| = 



4338, £ 
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Direct Indexed X 



: Mnemonic 
LDY 1EH,X 
(x = 1) 



Machine Code 
B4,6 IE16 



Memory 



Y^ l DATA ] 



Op Code (B4i6) 



Operand {^E■^s) 



> Bank-0 



0000,6 
1338i6 

FFFF,e 



Direct Page Index 
Register Register X 

+ I 1234i6 1 + 1 j EBiel = 1338ie 



Mnemonic 
LDY 1EH,X 

(x = 0) 



Machine Code 
B4i6 IE16 



DATAh I DATAl 



Memory 



DATAl 



DATAh 



Op Code (B4,6) 



Operand {^E■^s) 



OOOO1C 



4338i6 ^ 



Direct Page Index 
Register Register X 



+ I 1234,6 I + 1 3OE616 I = 4338,6 
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Direct Indexed Y 



Mode 



Direct indexed Y addressing mode 



Function : The contents of the bank-0 memory location specified by the result of adding the sec- 
ond byte of the instruction, the contents of the direct page register and the contents 
of the index register Y become the actual data. If, however, addition of the instruc- 
tion's second byte, the direct page register's contents and the index register Y's 
contents results in a value that exceeds the bank-0 or bank-1 range, the specified 
location will be in bank-1 or bank-2. 

Instruction : LDX, STX 



'. Mnemonic 
LDX 02H,Y 

(x = 1) 



Machine Code 
B616 02i6 



I DATA I 



Memory 



DATA 



Op Code (BSie) 



Operand (02i6) 



OOOOie 



I3IC1, 



FFFRe 



> Bank-0 



Direct Page Index 
Register Register Y 

1+F 



+ 1234„ 



E6„ 



I3IC16 



' Mnemonic 
LDX 02H,Y 
(x = 0) 



Machine Code 
B616 02i6 



DATAh I DATAu 



Memory 



DATAl 



DATAh 



Op Code (BSie) 



Operand (02,6) 



0000., 



131C16 



FFFF» 



Direct Page Index 
Register Register Y 

-f I 1234^6 I + I OOE616 1= 131C 
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Direct Indirect 



Mode : Direct indirect addressing mode 

Function : The value obtained by adding the instruction's second byte to the contents of the 
direct page register specifies 2 adjacent bytes in nnemory bank-0, and the contents 
of these bytes in memory bank-DT (DT is contents of data bank register) become the 
actual data. If, however, the value obtained by adding the instruction's second byte 
and the direct page register's contents exceeds the bank-0 range, the specified 
location will be in bank-1. 



Instruction ; 



ADC. AND, CMP, DIV. EOR, LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADC A,(1EH) 
(m = 1) 



Machine Code 
72i6 IE16 



Mnemonic 
ADC A,(1EH) 

(m = 0) 



Machine Code 
72i6 IE16 



1252,, 



Direct Page 
Register 



1234,e 



A-A+C+ 



Memory 



DATA I (die) 



DATAE (12i6) 



Op Code (72,6) 



Operand (lEie) 



Data Bank 
Register 
I DT I I2OI1, 



Mennory 



1252,, 
1253,, 



Direct Page 
Register 
- I 1234,6 I - 



DATAh I DATAl 



DATA I (01,6) 



DATAH (12,6) 



Op Code (72,6) 



Operand (1E,6) 



DATAl 



DATAh 



Data Bank 
Register 

I DT I 1201,6 
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Direct Indexed X Indirect 



Mode : . Direct indexed X indirect addressing mode 

Function : The value obtained by adding the instruction's second byte, the contents of the direct 
page register and the contents of the index register X specifies 2 adjacent bytes in 
memory bank-0, and the contents of these bytes in memory bank-0, and the contents 
of these bytes in memory bank-DT (DT is contents of data bank register) become the 
actual data. If, however, the value obtained by adding the instruction's second byte, 
the direct page register's contents and the index register X's contents exceeds the 
bank-0 or bank-1 range, the specified location will be in bank-1 or bank-2. 



Instruction : 



ADC, AND, CMP, DIV, EOR. LDA, MPY, ORA, SBC, STA 



ex. .* Mnemonic Machine Code 

ADC A, (1EH,X) 61 16 1Ei6 

(m = 1,x = 1 ) 



Memory 



A^A-f-C+ [ DATA [ ■ 



DATA I (OOie) 



DATAH (14,6) 



Op Code (eiie) 



Operand (lEie) 



DATA 



OOOOiE 



1338i6 



FFFR. 



Bank-0 



Direct Page Index 
Register Register X 



1234,, 



E6,6 =1338,, 



Program 
bank-PG 



Data Bank 
Register 
I DT 1 1400,6 
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Direct Indexed X Indirect 



*. Mnemonic 
ADC A, (1EH, X) 
(m = 0, x = 1 ) 



Machine Code 
6I16 IE16 



A - A + C + DATAh I DATAl 



Memory 



DATA I (OOie) 



DATAH (14i6) 



Op Code (6I16) 



Operand (lEie) 



DATAl 



DATAh 



Bank-0 



1338i6 



FFFFn 



Direct Page Index 
Register Register X 
+ 1 1234« |+" 



E616 =1338i6 



Program 
bank-PG 



Data Bank 
Register 
I DT | l400i6 



'. Mnemonic 
ADC A, (1EH, X) 
(m = 1, x = 0 ) 



Machine Code 
61 16 IE16 

Memory 



A^A + C+I DATA I 3 



DATAl (OOie) 



DATAE (14i6) 



Op Code (6I16) 



Operand (lEig) 



IOOOO16 
10338i6< 

1FFFF,6 



Direct Page Index 
Register Register X 

4- 1 1234i6 I + I FOE616 I =10338i6 



Program 
^ bank-PG 



Data Bank 
Register 

I DT 1 1400,6 
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Direct Indexed X indirect 



: Mnemonic Machine Code 

ADC A, (1EH, X) 61 16 IE16 

(m = 0, x = 0) 



A*-A + C + 



DATAh I DATAl 



DATA I (OOie) 



DATAn (14i6) 



Op Code (61,6) 



Operand (lEig) 



DATAl 



DATAh 



10338i6 - 



1FFFF,6 



Direct Page Index 
Register Register X 



Program 

+ I 1234i6 I + I F0E6,6 I =10338,6 f bank-PG 



Data Bank 
Register 

I DT I 1400,6 



20 



Direct Indirect Indexed Y 



Mode 



Direct indirect indexed Y addressing mode 



Function : The value obtained by adding the instruction's second byte and the contents of the 
direct page register specifies 2 adjacent bytes in memory bank-0. 
The value obtained by adding the contents of these bytes and the contents of the 
index register Y specifies address of the actual data in memory bank-DT (DT is 
contents of data bank register). If, however, the value obtained by adding the con- 
tents of the instruction's second byte and the direct page register exceeds the bank- 
0 range, the specified location will be in bank-1. Also, if addition of the contents of 
memory and Index register Y generate a carry, the bank number will be 1 larger than 
the contents of the data bank register. 



Instruction ; 



ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 



'. Mnemonic Machine Code 

ADC A, (1EH),Y 71 16 lE^e 

(m = 1,x = 1 ) 



1252,6 
1253i6 



Direct Page 
Register 
-I 1234,6 I ■ 



A^A + C+ [ DATA I 



Memory 



DATA I (01 16) 



DATAH (12,6) 



Op Code (71i6) 



Operand (IE16) 



Bank-0 

Index 
Register Y 
^ + 1 I E6,6 I =12E7i6 



Data Bank 
Register 

fPT] 12E7ie 
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Direct Indirect Indexed Y 



: Mnemonic Machine Code 

ADC A, (1EH), Y 71 16 IE16 

(m = 0, X = 1 ) 



- 1252,6 
1253i6 



Direct Page 
Register 



1234,6 



A - A + C + DATAh I DATAl ^ 



Memory 



DATA I (01,6) 



DATAH (12,6) 



Op Code (71,6) 



Operand (1E,6) 



DATAl 



DATAh 



Bank-0 

Index 
Register Y 



E6,6 =12E7,e 



Data Bank 
Register 

I DT I 12E7,6 



Mnemonic 
ADC A, (1EH), Y 
(m = 1,x = 0 ) 



Machine Code 

71 16 IE16 



1252,e 
1253,6 



Direct Page 
Register 
-I 1234,6 I + 



A-A + C+ DATA 



Memory 



DATAl (01 le) 



DATAH (12,6) 



Op Code (71,6) 



Operand (1E,6) 



Bank-0 
index 
Register Y 

'+1 F0E6,6 I 



Data Bank 
Register 

I DT | + 1,02E7,6 
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Direct Indirect Indexed Y 



: Mnemonic Machine Code 

ADC A, (1EH),Y 71i6 IE16 

(m = 0, x = 0) 



1253i£ 



Direct Page 
Register 



A + C+ DATAh I DATAl ^ 



Memory 



DATA I (die) 



DATAE (12i6) 



Op Code (71i6) 



Operand (lEig) 



DATAl 



DATAh 



Bank-0 
Index 
Register Y 

+ 



FOE616 =102E7i6 



Data Bank 
Register 
I DT | +1,02E7i( 
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Direct Indirect Long 



Mode : Direct indirect long addressing nnode 

Function : The value obtained by adding the instruction's second byte and the contents of the 
direct page register specifies 3 adjacent bytes in memory bank-0, and the contents 
of these bytes specify the address of the memory location that contains the actual 
data. If, however, the value obtained by adding the contents of the instruction's 
second byte and the direct page register exceeds the bank-0 range, the specified 
location will be in bank-1 . The 3 adjacent bytes memory location may be spread over 
two different banks. 



Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY. ORA, SBC, STA 



: Mnemonic Machine Code ex. •* Mnemonic Machine Code 

ADCL A, (1EH) 67i6 lE^e ADCL A, (1EH) 67^s lEie 

(m=1) (m=0) 



-1252ie 
1253ie 
1254„ 



Direct Page 
Register 

■I 1234,6 I 4- 



A - A + C + DATA •*- 



Memory 



DATA I (EF.e) 



DATA n (Olie) 



DATA ni (12i6) 



Op Code (67i6) 



Operand (lEie) 



> Bank-0 



1201EFif 



■ 1252ie 
1253,6 
1254,e 



Direct Page 
Register 



A *- A + C + DATAh I DATAl 



Memory 



DATAKEFie) 



DATA 11(01 1, 



DATAni(12i6) 



GperanddEie) 



DATAl 



DATAh 



Bank-0 



Op Code(67i6) 



1201 EFi6 ■ 
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Direct Indirect Long Indexed Y 



Mode 



Direct indirect long indexed Y addressing mode 



Function : The value obtained by adding the instruction's second byte and the contents of the 
direct page register specifies 3 adjacent bytes in mennory bank-Q, and the value 
obtained by adding the contents of these bytes and the contents of the index register 
Y specifies the address of the memory location where the actual data is stored. If, 
however, the value obtained by adding the contents of the instruction's second byte 
and the direct page register exceeds the bank-0 range, the specified location will be 
in bank-1. The 3 adjacent bytes memory location may be spread over two differ- 
ent banks. 

Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 



ex. ! Mnemonic Machine Code 

ADCL A,(1EH), Y 77^6 lE^e 

(m=1, x=1) 



►1252i£ 
1253ie 
1254,e 



Direct Page 
Register 



1234» 



A-A + C+ l DATA 



Memory 



DATA I (EFie) 



DATA n (01 le) 



DATA in (12i6) 



Op Cocle(77i6) 



Operand (lEie) 



DATA 



1 Bank-0 
> Index 
Register Y 



21i6 =120210,e 



I202IO16 - 
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Direct Indirect Long Indexed Y 



: Mnemonic 
ADCL A,(1EH), Y 
(m=0, x=1) 



Machine Code 
77i6lEi6 



►1252i, 
1253i, 
1254. 



Direct Page 
Register 



1234,6 



A A + C + DATAh ' DATAu 



Memory 



DATAKEFie) 



DATAH (Olie) 



DATAin(12,6) 



Op Code(77i6) 



OperanddEie) 



DATAu 
DATAh 



Bank-0 

Index 
Register Y 

> + 



20 =120210,6 



120210ie 



: Mnemonic 
ADCL A,(1EH). Y 
(m=1, x=0) 



Machine Code 
77i6lEi6 



►1252i6 
1253,6 
1254,6 



Direct Page 
Register 

-I 1234,6 I • 



A^A+C+ I DATA I ' 



Memory 



DATAI (EF,6) 



DATAH (01,6) 



DATA in (12,6) 



Op Code(77,6) 



Operand(1E,6) 



DATA 



Index 
Register Y 



■+ E521„ 



=12E710,e 



12E710i6 
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Direct Indirect Long Indexed 



; Mnemonic Machine Code 

ADCL A,(1EH). Y 77,e^E,s 
(m=0, x=0) 



-1252,e 
1253ij 

1254,e 



Direct Page 
Register 



1234„ 



A-A+C+ D ATAh I DATA l 



Memory 



DATAKEFie) 



DATAH (01,6) 



DATAn(12i6) 



Op Cocle(77i6) 



OperanddEie) 



DATAl 



DATAh 



Bank-0 

Index 
Register Y 

- + | E521,e I 



=12E710i£ 



12E710i6 



Absolute 



Mode : Absolute addressing mode 

Function : The contents of the memory locations specified by the instruction's second and third 
bytes and the contents of the data bank register are the actual data. Note that, in 
the cases of the JMP and JSR instructions, the instructions' second and third byte 
contents are transferred to the program counter. 

Instruction: ADC, AND, ASL, CMP, CPX, CPY, DEC, DIV, EOR, INC, 
JMP, JSR, LDA, LDM, LDX, LDY, LSR, MPY, ORA, ROL, 
ROR. SBC. STA, ^TX, STY 



'. Mnemonic 
ADC A, 0AD12H 

(m=1) 



Machine Code 
6Di6l2i6 AD16 



: Mnemonic 
ADC A, 0AD12H 

(m=0) 



Machine Code 
6D16 12i6 AD16 



Memory 



A^A+ C+ 

I DATA I 



Op Code (SDie) 



Operand (12i6) 



Operand (ADig) 



Data Bank 
Register 

[DT]AD12ie 



A-A+C+ 



DATAh I DATAl 



Memory 



Op Code (BDis) 



Operand (12i6) 



Operand (ADig) 



DATAl 



DATAh 



Data Bank 
Register 

[dt] AD12,e 



: Mnemonic 
LDX 0AC14H 

(x=1) 



Machine Code 
AE16 14i6 AC16 



: Mnemonic 
LDX 0AC14H 

(x=0) 



Machine Code 
AE16 14i6 AC16 



X- DATA <- 



Memory 



Op Code (AEie) 



Operand (14i6) 



Operand (AC^q) 



DATA 




DATAh I DATAu 



Memory 



op Code (AEie) 



Operand (14i6) 



Operand (ACie) 



DATAl 



DATAh 



Data Bank 
Register 

[dt] AC14ie 
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Absolute 



.' Mnemonic 
JMP0AC14H 



Machine Code 
4Ci6 14i6 AC16 



Memory 



— I PG I 0OOO16 



Op Code (4C,6) 



Operand (Mig) 



Operand (ACie) 



Program 
Bank Register 

Fpg) AC14,e 
fPG] FFFF,6 



Program 
bank-PG 



Program bank register contents are not affected 
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Absolute Bit 



Mode : Absolute bit addressing mode 

Function : The contents of the instruction's second and third bytes and the contents of the data 
bank register specify the nriemory locations, and data for multiple bit positions in the 
memory locations are specified by a bit pattern specified in the instruction's fourth and 
fifth bytes (the fourth byte only if the m flag is set to 1). 

Instruction : CLB, SEB 



Mnemonic Machine Code ex. : Mnemonic Machine Code 

CLB #5AH, 1234H IC^e 34i6 12i6 SA^e CLB #5AA5H, 1234H 1Ci6 34i6 12i6 AS^e SA^g 

(m=1) (m=0) 



Memory 



Op Code dCie) 



Operand (34i6) 



Operand (12i6) 



Operand (SAig) 



Data Bank 
Register 

[dt] I234,e 



'M 0 0 0 -' 0 



Data Bank 
Register 

[dt] 1234,6 



Memory 



Op Code dCe) 



Operand (34i6) 



Operand (12i6) 



Operand (ASie) 



Operand (SAie) 



Data Bank 
Register 

[dt] 1234i, 



Data Bank 
Register 

[dt] 1234,6 
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Absolute Indexed X 



Mode : Absolute indexed X addressing mode 

Function : The contents of the memory locations specified by a value resulting from addition of 
a 16-bit numeric value expressed by the instruction's second and third bytes with the 
contents of the index register X and the contents of the data bank register are the 
actual data. If, however, addition of the numeric value expressed by the instruction's 
second and third bytes with the contents of the index register X generates a carry, 
the bank number will be 1 larger than the contents of the data bank register. 



Instruction ; 



ADC, 
LDY, 



AND, 
LSR, 



ASL, 
MPY, 



CMP, 
ORA. 



DEC, 
ROL. 



DIV, 
ROR, 



EOR, 
SBC. 



INC, 
STA 



LDA, LDM, 



Mnemonic 

ADC A, 0AD12H,X 

(m=1, x=1) 



Machine Code 
7Di6 12i6 AD16 



'. Mnemonic 
ADC A,0AD12H,X 
(m=0, x=1) 



Machine Code 
7Di6 12i6 AD16 



A-A+C+ 



Memory 



Op Code (7D,6) 



Operand (12,6) 



Operand (ADig) 



Index 
Register X 



1EE16 =AE00i6 



Data Bank 
Register 

I DT I AEOO^e 



A-A+C+ 



DATAh I DATAl 



Memory 



Op Code (TDie) 



Operand (12i6) 



Operand (ADig) 



DATAl 



DATAh 



Index 
Register X 



Ei6]=AE00i6 



Data Bank 
Register 

[dt] AE00,6 ^ 



31 



Absolute Indexed X 



: Mnemonic Machine Code ex. : Mnemonic Machine Code 

ADC A, 0AD12H, X 7Di6 12i6 ADig ADC A, 0AD12H, X 7Di6 12i6 AD^g 

(m=1, x=0) (m=0, x=0) 



A-A+Cjh 

I DATA I 



Memory 



Op Code (7Di6) 



Operand (12i6) 



Operand (ADig) 



DATA 



Index 
Register X 
4- I IOEE16 I =BEOO,e 



Data Bank 
Register 

I DT| BEOO16 



A-A + C + 



DATAh I DATAl 



Memory 



Op Code (7Di6) 



Operand (12i6) 



Operand (ADig) 



DATAu 



DATAh 



Index 
Register X 

+ 1 IOEE16 |=BE00,6 



Data Bank 
Register 
[of] BE00,6 



'. Mnemonic 
LDY 0BC12H, X 

(x=1) 



Machine Code 
BC16 12i6 BC16 



: Mnemonic 
LDY 0BC12H, X 

(x=0) 



Machine Code 
BC16 "I2i6 BC16 



Memory 



Y^ l data"] - 



Op Code (BCie) 



Operand (12i6) 



Operand (BCie) 



Index 
Rgister X 



I EE16 =BD00if 



Data Bank 
Register 
I DT I BD00,6 



DATAh I DATAu 



Memory 



Op Code (BCie) 



Operand (12i6) 



Operand (BCie) 



DATAl 



DATAh 



Index 
Register X 



+ I 10EE,6 I =CD00i6 



Data Bank 
Register 

[dt] CDOO16 
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Absolute Indexed Y 



Mode : Absolute indexed Y addressing mode 

Function : The contents of the nnemory locations specified by a value resulting from addition of 
a 16-bit numeric value expressed by the instruction's second and third bytes with the 
contents of the index register Y and the contents of the data bank register are the 
actual data. If, however, addition of the numeric value expressed by the instruction's 
second and third bytes with the contents of the index register Y generates a carry, 
the bank number will be 1 larger than the contents of the data bank register. 



Instruction: ADC, AND, CMP, DIV, EOR, LDA, 
STA 



LDX, f^PY, ORA, SBC, 



; Mnemonic Machine Code ex. : Mnemonic Machine Code 

ADC A, 0AD1 2H, Y 79i6 1 2i6 ADie ADC A, 0AD1 2H, Y 79i6 1 AD^g 

(m=1, x=1) (m=1, x=0) 



-A+C-l- 



Memory 



Op Code (79i6) 



Operand (12,6) 



operand (ADig) 



Index 
Register Y 

I ' EEiel 



Data Bank 
Register 

I DT| AEOO16 



=AE0Oie 



-A + C + 

DATA 1^ 



Memory 



Op Code (79i6) 



Operand (12,6) 



Operand (ADig) 



Index 
Register Y 
+ 1 IOEE16 |=BE00i£ 



Data Bank 
Register 
I DT I BEOO16 



Mnemonic 

ADC A, 0AD12H,Y 

(m=0, x=1) 



Machine Code 
79i6l2i6 AD16 



Mnemonic 

ADC A,0AD12H,Y 

(m=0, x=0) 



Machine Code 
79i6l2i6 AD16 



A-A+C+ 



DATAh I DATA, 



Memory 



Op Code (79i6) 



Operand (12i6) 



operand (ADie) 



DATAl 



DATAh 



Index 
Register Y 



= AE00i£ 



Data Bank i 

Register 
[dt] AEOO16 



A-A+C+ 



DATAh I DATAl 



Memory 



Op Code (79i6) 



Operand (12,6) 



Operand (ADig) 



DATAl 



DATAh 



Index 
Register Y 
+ 1 IOEE16 I 



Data Bank 
Register 

[dt] BEOO16 



= BE00i6 
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Absolute Indexed Y 



Mnemonic Machine Code ex. : Mnemonic Machine Code 

LDX0BC12H, Y BEie 12^6 BCig LDX0BC12H, Y BEig 12i6 BCig 

(x=1) (x=0) 



Memory 



Op Code (BEie) 



Operand (12i6) 



Operand (BCie) 



Memory 



Index 
Register Y 



I EE16 =BD00i6 



Data Bank 
Register 
[of] BDOOk 



DATAh I DATAl 



Op Code (BEie) 



Operand (12i6) 



Operand (BCtg) 



DATAl 



DATAh 



Index 
Register Y 

+ I IOEE16 I =CD00i6 



Data Bank 
Register 

|"Df] CD00,6 



Absolute Long 



Mode : Absolute long addressing mode 

Function : The contents of the memory locations specified by the instruction's second, third and 
fourth bytes become the actual data. Note that, in the cases of the JMP and JSR 
instructions, the instructions' second and third byte contents are transferred to the 
program counter and the fourth byte contents are transferred to the program bank 
register. 



Instruction : 



ADC, AND, CMP, 
SBC, STA 



DIV, 



EOR, JMP, JSR, LDA, MPY, ORA, 



'. Mnemonic Machine Code 

ADC A, 123456H SFig 56i6 34i6 12i6 

(m=1) 



ex. i Mnemonic 

ADC A, 123456H 

(m=0) 



Machine Code 
6F16 56i6 34i6l2i6 



Memory 



A^A+ C+ 

[ DATA I " 



Op Code (SFie) 



operand {56^q) 



Operand (34i6) 



Operand (12i6) 



DATA 



123456i6 



A A + C + DATAh 1 DATAl 



Memory 



Op Code (6F16) 



Operand (56,6) 



Operand (34,6) 



Operand (12i6) 



DATAl 



DATAh 



123456,6 



: Mnemonic 
JMP 123456H 



Machine Code 
5Ci6 56i6 34i6 12i6 



Memory 



Address to be 
executed next 



Op Code (SCie) 



Operand (SSie) 



Operand (34i6) 



Operand (12,6) 



Program 
Bank Register 
I 12i6 |3456i6 



Program bank register contents are replaced by 
the third operand 
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Absolute Long Indexed X 



Mode : Absolute long indexed X addressing mode 

Function : The contents of the memory location specified by adding the numeric value ex- 
pressed by the instruction's second, third and fourth bytes with the contents of the 
index register X are the actual data. 



Instruction ; 



ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 



: Mnemonic 
ADC A,123456H,X 

(m=1, x=1) 



Machine Code 
7Fi6 56i6 34,6 12i, 



' Mnemonic 
ADC A,123456H,X 
(m=0, x=1) 



Machine Code 
7Fi6 56i6 34i6l2i6 



A-A+C+ 
I DATA I <- 



Memory 



Op Code (7F,6) 



Operand (56,6) 



Operand (34i6) 



Operand (12,6) 



DATA 



Index 
Register X 



El, 6 =123537i6 



123537i6 



A-A+C+ 



DATAh I DATAl ^ 



Memory 



Op Code (7Fi6) 



Operand (SBie) 



Operand (34i6) 



Operand (12i6) 



DATAl 
DATAh 



Index 
Register X 



I El,, 



= 123537,6 



123537,£ 



'. Mnemonic 
ADC A,123456H,X 
(m=0, x=1) 



Machine Code 
7Fi6 56i6 34,6 l2i, 



Mnemonic 

ADC A, 123456H, X 

(m=0, x=0) 



Machine Code 
7Fi6 56i6 34i6l2i6 



A*-A+c + 
I DATA I 



Memory 



Op Code (7Fi6) 



Operand (56,6) 



Operand (34,6) 



Operand (12,6) 



DATA 



Index 
Register X 
+ I EEE1,6 I =132337,6 



DATAh I DATAl 



A-A+C+ 



Memory 



Op Code (7F,6) 



Operand (56,6) 



Operand (34,6) 



Operand (12,6) 



DATAl 
DATAh 



Index 
Register X 

+ 1 EEE1,6 1=132337,6 



132337,f 
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Absolute Indirect 



Mode : Absolute indirect addressing mode 

Function : The instruction's second and third bytes specify 2 adjacent bytes in memory, and 
the contents of these bytes specify the address within the same program bank to 
which a jump is to be made. 

Instruction : JMP 



: Mnemonic 
JMP(1400H) 



Machine Code 
6Ci6 OO16 14i6 



Address to be 
executed next 



Memory 



Op Code (6C16) 



Operand (OOig) 



Operand (Mig) 



DATA I (FFie) 



DATA n (IE16) 



[pg"! 1400,6 



Program 
Bank Register 



Program 
bank-PG 
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Absolute Indirect Long 



Mode : Absolute indirect long addressing mode 

Function : The instruction's second and third bytes specify 3 adjacent bytes in memory, and the 
contents of these bytes specify the address to which a jump is to be made. 

Instruction : JMP 



; Mnemonic 
JMPL(1234H) 



Machine Code 
DCi6 34i6l2i6 



Address to be 
executed next 



Memory 



Op Code (DCie) 



Operand (34i6) 



Operand (12i6) 



DATA I (12i6) 



DATA n (B4,6) 



DATA IE (AI16) 



Program 
Bank Register 
[PG] 1234,6 



Program 
Bank Register 

|aT;HB412,6 



DATA in IS loaded in the program bank register 
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Absolute Indexed X Indirect 



Mode : Absolute indexed X indirect addressing mode 

Function : The value obtained by adding the instruction's second and third bytes and the con- 
tents of the index register X specifies 2 adjacent bytes in memory, and the contents 
of these bytes specify the address to which a jump is to be made. 



Instruction : JMP, JSR 



ex. ' Mnemonic Machine Code 

JMP(1234H, X) 7Ci6 34i6l2i6 

(x=1) 



Index 
Register X 



1246i6= 



12i6 



Address to be 
executed next 



Memory 



Op Code (7Ci6) 



Operand (34i6) 



Operand (12i6) 



DATA I (12i6) 



DATA n (BCie) 



1246ie 



^ Program 
' bank-PG 



Program 
Bank Register 

[pg]bC12i6 
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stack 



Mode : Stack addressing mode 

Function : Register contents are saved to or restored from the memory location specified by the 
stack pointer. The stack pointer is set in bank-0. 

Instruction: PEA, PEI, PER, PHA, PHB, PHD, PHG, PHP, PHT, PHX, 
PHY, PLA, PLB, PLD, PLP, PLT, PLX, PLY, PSH, PUL 



'. Mnemonic 
PHA 
(m=1) 



Machine Code 



Mnemonic 
PHA 

(m=0) 



Machine Code 
48i6 



S-1 
8 



Memory 



Al 



Stack Pointer 



OO16 Sh 1 SJ 



> Bank-0 



S-2 
8-1 
8 



Memory 



Al 



Ah 



Stack Pointer 



OO16 8h I Sl 



> Bank-0 



' Mnemonic 
PHD 



Machine Code 
OB16 



Mnemonic 
PEA # 1234H 



Machine Code 
F4,6 34i6l2i6 



8-2 
8-1 
8 



Memory 



DPRl 



DPRh 



Stack Pointer 
00,6 I Sh I 8l I 



> Bank-0 



Memory 



Op Code (F4i6) 



Operand (34i6) 



Operand (12,6) 



Stack Pointer 
OO16 I Sh I 8l I 



> Bank-0 
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stack 



Mnemonic 
PEI # 12H 



Machine Code 
D4i6 12^6 



: Mnemonic 
PER # 1234H 



Machine Code 
62i6 34i6 12i6 



S-2 
S-1 
S 



Memory 



DATA I 



DATA n 



DATA I 



DATA n 



Op Code (D4i6) 



Operand (IZ^e) 



3412,e 



Stack Pointer ^ 
OOi, 



Sh I Sl 



Direct Page 
Register 
+ I 34OO16 1 = 



Bank-0 



3412ie 



Memory 



S-2 
S-1 
S 



AC,6 



68,6 



Op Code (62,6) 



Operand (34,6) 



Operand (12,6) 



Stack Pointer 




\ Bank-O 



Program 
Bank Register 

[pg] 5676,6 

+ 1 56 i 78,6 1 =168) (AC 1^ 
Program Counter 



Program 
bank-PG 
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Relative 



Mode 



Relative addressing mode 



Function : Branching occurs to the address specified by the value resulting from addition of the 
contents of the program counter and the instruction's second byte. In the case of a 
long branch by the BRA instruction, a 15-bit signed numeric value formed by the con- 
tents of the instruction's second and third bytes is added to the program counter con- 
tents. If the addition generates a carry or borrow, 1 is added to or subtracted from 
the program bank register. 



Instruction : 



BCC, BCS, BEQ, BMI, BNE, BPL, BRA, BVC, BVS 



Mnemonic 
BCC *-12 



Machine Code 
90i6 F4,6 



Branches to the address * —12 if the carry flag (C) 
has been cleared 

Memory 



Address to be 
executed next 



Op Code OOie) 



Operand (F4i6) 



Advances to the address * if the carry flag (C) 
has been set 

Memory 



Jump 



Address to be 
executed next 



Op Code OOie) 



Operand (F^ag) 



'. Mnemonic 
BRA 1234H 



Machine Code 
82i6 34i6l2i6 



Memory 



Address to be 
executed next 



Op Code (82i6) 



Operand (34i6) 



Operand (12i6) 



Program 
Bank Register 

fPGl FF12i« 



PG 1146ie 



Program 
bank-PG 



Program 
bank-PG+1 
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Direct Bit Relative 



Mode : Direct bit relative addressing mode 

Function : Specifies the bank-0 memory location by the value obtained by adding the instruc- 
tion's second byte to the direct page register's contents, and specifies the positions 
of multiple bits in the memory location by the bit pattern in the third and fourth bytes 
(the third byte only if the m flag is set to 1). Then, if the specified bits all satisfy the 
branching conditions, the instruction's fifth byte (or the fourth byte if the m flag is set 
to 1) is added to the program counter as a signed value, generating the branching 
destination address. If, however, addition of the instruction's second byte to the direct 
page register's contents result in a value that exceeds the bank-0 range, the specified 
location will be in bank-1. 



Instruction : BBC, BBS 



Mnemonic Machine Code 

BBS #5AH, 04H, 0F6H 24i6 04^6 SA^g F6i6 
(m=1) 



Address to be 
executed next 



Jump 



Memory 



0 11110 1 1 



Op Code (24i6) 



Operand (04i6) 



Operand (SAie) 



Operand (FBis) 



001238ie 



Program 
Bank Register 

11^ FFFDie 



Direct Page 
Register 
+ |l234i6l.-=l238i6 



> Bank-0 



Program 
Bank Register 

[123 



Address to be 
executed next 



Memory 



0 0 1110 1 1 



001238i6 



Op Code (24i6) 



Operand (04,6) 



Operand (SAie) 



Operand (FGie) 



Direct Page 
Register 
+ |l234i6| = 12: 

Program 
Bank Register 

|123 0007i6 



(Branch) 



(Not branch) 
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Direct Bit Relative 



ex. '. Mnemonic Machine Code 

BBS #5AA5H, 04H, 0F6H 24i6 04i6 A5i6 SA^g F6i, 
(m=0) 



Address to be 
executed next 



Jump 



Memory 



1 1 



Op Code (24i6) 



Operand (04,6) 



Operand (ASig) 



Operand (SAie) 



Operand (FBig) 



(Branch) 



001238i6 



Program 
Bank Register 



Direct Page 
Register 

+ 1 1234i6| = 1238^6 

Program 
Bank Register 

[153 0008,6 



Address to be 
executed next 



Memory 



Op Code (24,6) 



Operand (04,6) 



Operand (A5i6) 



Operand (SA^g) 



Operand (FGie) 



(Not branch) 



001238if 



> Bank-0 



Direct Page 
Register 

+ |l234i6|=1238,j 



Program 
Bank Register 

[12;^ 0008,6 
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Absolute Bit Relative 



Mode 



Absolute bit relative addressing mode 



Function : The instruction's second and third bytes and the contents of the data bank register 
specify the memory location, and data for the memory location's multiple bits is 
specified by a bit pattern in the instruction's fourth and fifth bytes (the fourth byte only 
if the m flag is set to 1). Then, if the specified bits all satisfy the branching conditions, 
the instruction's sixth byte (or the fifth byte if the m flag is set to 1) is added to the 
program counter as a signed value, generating the branching destination address. 



Instruction ; 



BBC, BBS 



ex. Mnemonic Machine Code 

BBS #5AH, 1234H, 0F6H 2C^g 34i6 12i6 SA^g F616 
(m=1) 



Address to be 
executed next 



Jump 



Memory 



Op Code (2Ci6) 



Operand (34i6) 



Operand (12,6) 



Operand (SAie) 



Operand (FGie) 



0|1 |1 jl |1 |o|i I 0 



Program 
Bank Register 
H FFFD.e 



Program 
Bank Register 

|12^ 0007^6 



Data Bank 
Register 

[dt] 1234^6 



(Branch) 



Address to be 
executed next 



Memory 



Op Code (2Ci6) 



Operand (34,6) 



Operand (12i6) 



Operand (SAie) 



operand (FGie) 



0 0 1110 10 



Program 
Bank Register 
|l230007i6 



Data Bank 
Register 
[dt]1234i. 



(Not branch) 
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Absolute Bit Relative 



ex. : Mnemonic Machine Code 

BBS flSAASH, 1234H, 0F6H 2Ci6 34i6 12i6 A5i6 SA^g F6i, 
(m=0) 



Address to be 
executed next 



Jump 



Memory ' 



Op Code (2Ci6) 



Operand (34i6) 



Operand (12i6) 



Operand (ASie) 



Operand (SAie) 



Operand (FGie) 



Program 
Bank Register 



Program 
Bank Register 

[12^0007,6 



Data Bank 
Register 

[dt] 1234i6 



(Branch) 



Address to be 
executed next 



Memory 



Op Code (2C,6) 



Operand (34i6) 



Operand (12i6) 



Operand (ASie) 



Operand (5Aie) 



Operand (FBie) 



Program 
Bank Register 

[l2Tj0007i6 



Data Bank 
Register 
[Df]l234,e 



(Not branch) 
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stack Pointer Relative 



Mode : Stack pointer relative addressing mode 

Function : The contents of a bank-0 memory location specified by the value resulting from ad- 
dition of the instruction's second byte and the contents of the stack pointer become 
the actual data. If, however, the value obtained by adding the contents of the instruc- 
tion's second byte and the stack pointer's contents exceeds the bank-0 range, the 
specified location will be in bank-1 . 

Instruction: ADC, AND, CMP, DIV, EOR, LDA, MPY, ORA, SBC, STA 



Mnemonic 
ADC A, 02H, S 

(m=1) 



Machine Code 
63i6 02i6 - 



: Mnemonic 
ADC A, 02H, S 

(m=0) 



Machine Code 
63i6 02^6 



Memory 



A-A-hC+ fpATA I 



Op Code (63i6) 



Operand (02i6) 



Memory 



1236i6 



A-A+C+ 



Stack Pointer 



DATAh I DATAl 



+ I 1234,6 1 = 1236,6 



DATAl 



DATAh 



Op Code (63i6) 



Operand (02,6) 



1236,, 



Bank-0 



Stack Pointer 
+ I 1234,6 | = 1236,e 
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stack Pointer Relative Indirect Indexed Y 



Mode 



Stack pointer relative indirect indexed Y addressing mode 



Function : The value obtained by adding the instruction's second byte and the contents of the 
stack pointer specifies 2 adjacent bytes in mennory. The value obtained by adding the 
contents of these bytes and the contents of the index register Y specifies address of 
the actual data in memory bank-DT (DT is contents of data bank register). If addition 
of the 2 bytes in memory with the contents of the index register Y generate a carry, 
the bank number will be 1 larger than the contents of the data bank register. 



Instruction ; 



ADC, AND, CMP, DIV. EOR. LDA, MPY. ORA, SBC. STA 



'. Mnemonic 
ADC A,(1EH, S), Y 
(m=1, x=1) 



Machine Code 
73i6lEi6 



Mnemonic 

ADC A,(1EH, S), Y 

(m=0, x=1) 



Machine Code 
73^6 1E,6 



1234i, 



1252i6 
1253i6 



Stack Pointer 



A-A+C+ 



DATA ^ 



Memory 



DATA I (die) 



DATA n(12i6) 



Op Code (73i6) 



Operand (lEig) 



DATA 



Bank-0 

Index Register Y 



I E6i6 = 12EA, 



Data Bank 
Register 

[DT]12E7i6 



Memory 



1252,6 
1253,6 



Stack Pointer 

1 + 



' — ri234;; 



A^A+C+ 

I DATAh I DATAl 



DATA I (01,6) 



DATA n(12,6) 



Op Code (73,6) 



Operand (1E,6) 



DATAl 



DATAh 



, Bank-0 
Index Register Y 

+ 1 !E6,6 



12E7,e 



Data Bank 
Register 



[DT]12E7i6 
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stack Pointer Relative Indirect Indexed Y 



ex. : Mnemonic Machine Code 

ADC A, (1EH, S), Y 73i6 lE^e 
(m=1,x=0) 



1252i6 
1253,6 



Stack Pointer 



1234,6 I + 



A-A+C+ I DATA I 



Memory 



DATA I (01,6) 



DATA n(12,6) 



Op Code (73i6) 



Operand (1E,6) 



DATA 



Bank-0 

Index Register Y 
>+ | F0E6i6| = 102E7,e 



Data Bank 
Register 
rPfl+l. 02E7i, 



; Mnemonic 
ADC A, (1EH, S), Y 
(m=0, x=0) 



Machine Code 



1252,6 
1253,6 



Stack Pointer 



A-A+C+ DATAh ' DATAl 



Memory 



DATA I (01 „ 



DATA n(12,6) 



Op Code (73,6) 



Operand (lEig) 



DATAl 
DATAh 



Bank-0 

Index Register Y 



+ [T0E6^ = 102E7,6 



Data Bank 
Register 
[DT]+1,02E7i6 
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Block Transfer 



Mode 



Block transfer addressing nriode 



Function : The instruction's second byte specifies the transfer-to data bank, and the contents of 
the index register Y specify the transfer-to address within the data bank. The instruc- 
tion's third byte specifies the transfer-from data bank, and the contents of the index 
register X specify the address in the data bank where the data to be transferred is 
stored. The contents of the accumulator A constitute the number of bytes to be trans- 
ferred. Upon termination of transfer, the contents of the data bank register will 
specify the transfer-to data bank. The MVN instruction is used for transfer to lower 
address location. In this case, the contents of the index registers X and Y are incre- 
mented each time data is transferred. The fvlVP instruction is used for transfer to 
higher address location. In this case, the contents of the index registers X and Y are 
decremented each time data is transferred. The block of data to be transferred may 
cross over the bank boundary. 



Instruction : MVN, MVP 



: Mnemonic 
MVN 0E2H, 0E5H 



Machine Code 
54i6 E2i6 E5i6 



Before transfer 
fvlemory 



Op Code(54i6) 



Operand {El^e) 



Operand (ESie) 



DATA I 



DATA n 



DATA in 



> Bank-E2i6 



A I 0003,6 I 
X | 1234,6 I 
Y | 5678,6 I 

DTpn 



E51 234,6 

Bank-E5i6 




DATA I 



DATA n 



DATA 1 



Op Code(54,6) 



Operand (E2,6) 



Operand (ESie) 



DATA I 



DATA n 



DATA m 



E25678,6 



A I FFFF,6 
X[ 1237,6 
Yf 



5678,. 



DT[E23 
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Block Transfer 



: Mnemonic 
MVP 0E5H, 0E2H 



Machine Code 
44^6 E5i6 E2i6 



Before transfer 
Memory 



DATA I 



DATA n 



DATA I 



Op Code(44i6) 



Operand (E5i£ 



Operand (£2,6) 



} Bank-E2i6 
E2567A,6 



X | 567 A,6 I 
Y | 1236,6 I 
DT 



) Bank-E5i6 



After transfer 
Memory 



DATA I 



DATA n 



DATA m 



Op CGde(44i6) 



Operand (ESie) 



Operand (E2i6) 



DATA I 
DATA n 



A I FFFF^e | 
X | 5677,6 I 
Y | 1233,e I 
DT I E5i6 I 



E51236i6 
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4. Instructions 

4.1 Instruction Set 

The Series l\/IELPS 7700 microcomputers support a set of 103 instructions which are de- 
scribed in this chapter. This section presents overviews of these instructions, and Sec. 4.2 
presents the detailed description for each instruction. 



4.1.1 Data Transfer Instructions 

The data transfer instructions move data between data and registers, between a register and 
the memory, between registers or between memory devices. 

The following table summarizes the various data transfer instructions supported by the Series 
MELPS 7700 : 



Category 


Instruction 


Description 


Load 


LDA 


Loads the contents of memory into the accumulator. 


LDM 


Loads an immediate value into the memory. 


LDT 


Loads an immediate value into the data bank register. 


LDX 


Loads the contents of memory into the index register X. 


LDY 


Loads the contents of memory into the index register Y. 


Store 


STA 


Stores the contents of the accumulator in the memory. 


STX 


Stores the contents of the index register X in the memory. 


O 1 T 


Stores the contents of the index register Y in the memory. 


Transfer 


TAX 


Transfers the contents of the accumulator A to the index register X. 


TXA 


Transfers the contents of the index register X to the accumulator A. 


TAY 


Transfers the contents of the accumulator A to the index register Y. 


TYA 


Transfers the contents of the index register Y to the accumulator A. 


TSX 


Transfers the contents of the stack pointer to the index register X. 


TXS 


Transfers the contents of the index register X to the stack pointer. 


TAD 


Transfers the contents of the accumulator A to the direct page 
register. 


TDA 


Transfers the contents of the direct page register to the accumula- 
tor A. 


TAS 


Transfers the contents of the accumulator A to the stack pointer. 


TSA 


Transfers the contents of the stack pointer to the accumulator A. 


TBD 


Transfers the contents of the accumulator B to the direct page reg- 
ister. 


TDB 


Transfers the contents of the direct page register to the accumulator 
B. 


TBS 


Transfers the contents of the accumulator B to the stack pointer. 
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Category 


Instruction 


Description 


Transfer 


TSB 


Transfers the contents of the stack pointer to the accumulator B. 


TBX 


Transfers the contents of the accumulator B to the index register X. 


TXB 


Transfers the contents of the index register X to the accumulator B. 


TBY 


Transfers the contents of the accumulator B to the index register Y. 


TYB 


Transfers the contents of the index register Y to the accumulator B. 


TXY 


Transfers the contents of the index register X to the index register 
Y. 


TYX 


Transfers the contents of the index register Y to the index register 
X. 


MVN 


Transfers a block of data from the lower addresses. 


MVP 


Transfers a block of data from the higher addresses. 


Stack operation 


PSH 


Saves the contents of the specified register to the stack. 


PUL 


Restores the contents of stack to the specified register. 


PHA 


Saves the contents of the accumulator A to the stack. 


PLA 


Restores the contents of stack to the accumulator A. 


PHP 


Saves the contents of the program status register to the stack. 


PLP 




PHB 


Saves the contents of the accumulator B to the stack. 


PLB 


Restores the contents of stack to the accumulator B. 


PHD 


Saves the contents of the direct page register to the stack. 


PLD 


Restores the contents of stack to the direct page register. 


PHT 


Saves the contents of the data bank register to the stack. 


PLT 


Restores the contents of stack to the data bank register. 


PHX 


Saves the contents of the index register X to the stack. 


PLX 


Restores the contents of stack to the index register X. 


PHY 


Saves the contents of the index register Y to the stack. 


PLY 


Restores the contents of stack to the index register Y. 


Stack 


PHG 


Saves the contents of the program bank register to the stack. 


PEA 


Saves a the numeric of 2 bytes to the stack. 


PEI 


Saves the contents of 2 consecutive bytes in the direct page area 
to the stack. 


PER 


Saves the result of adding a 16-bit numeric value to the program 
counter contents to the stack. 


Exchange 


XAB 


Swaps the contents of the accumulator A with the contents of the 
accumulator B. 
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4.1.2 Arithmetic Instructions 

The arithmetic instructions perform addition, subtraction, multiplication, division, logical operation, 
comparison, rotation and shifting of register and memory contents. 

The following table summarizes the arithmetic instructions supported: 



Category 


Instruction 


uGscripiion 


Addition 
Subtraction 
Multiplication 
Division 


ADC 


Adds the contents of the accumulator.the contents of memory and 

lllc OUIIlclllb Ul lIlU Ually lldy. 


SBC 


Subtracts the complements of the contents of memory and carry 
flag from the contents of the accumulator. 


INC 


Increments the accumulator or memory contents by 1. 


DEC 


Decrements the accumulator or memory contents by 1. 


INX 


Increments the contents of the index register X by 1. 


Ly L_ /\ 


LytrOlcIllcillo lilt; UUIIimilo Ul lilt; IIIUtrA It^LjlolUI A Uy I. 


INY 


Increments the contents of the index register Y by 1. 


DEY 


Decrements the contents of the index register Y by 1. 


MPY 


fvlultiples the contents of the accumulator A and the contents of 
memory. 


DIV 


Divides the numeric value whose lower byte is the contents of the 
accumulator A and upper byte is the contents of the accumulator B 
by the contents of memory. 


Logical operation 


AND 


Performs logical AND between the contents of the accumu- 
lator and the contents of memory. 


ORA 


Performs logical OR between the contents of the accumulator and 
the contents of memory. 


EOR 


Performs logical exclusiye-OR between the contents of the accumu- 
lator and the contents of memory. 


Comparison 


CMP 


Compares the contents of the accumulator with the contents of 
memory. 


CPX 


Compares the contents of the index register X and the contents of 
memory. 


CPY 


Compares the contents of the index register Y and the contents of 
memory. 


Shifting, Lotation 


ASL 


Shifts the contents of the accumulator or memory to the left by 1 bit. 


LSR 


Shifts the contents of the accumulator or memory to the right by 1 
bit. 


ROL 


Links the contents of accumulator or memory with the carry flag, 
and rotates the result to the left by 1 bit. 


ROR 


Links the contents of accumulator or memory with the carry flag, 
and rotates the result to the right by 1 bit. 


RLA 


Rotates the contents of the accumulator A to the left by the speci- 
fied number of bits. 
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4.1.3 Bit Manipulation Instructions 

The bit manipulation instructions set the specified bits of the processor status register or 
memory to "1" or "0". 

The following table summarizes the bit manipulation instructions supported: 



Category 


instruction 


Description 


Bit manipulation 


CLB 


Clears the specified memory bit to "0". 




SEB 


Sets the specified memory bit to "1". 




CLP 


Clears the specified bit of the processor status register's lower 
byte (PSl) to "0". 




SEP 


Sets the specified bit of the processor status register's lower 
byte (PSl) to "1". 



4.1.4 Flag l\/lanipulation Instructions 

The flag manipulation instructions set to "1" or clear to "0" the C, I, m and V flags. 
The following table summarizes the flag manipulation instructions supported: 



Category 


Instruction 


Description 


Flag setting 


CLC 


Clears the contents of carry flag to "0". 


SEC 


Sets the contents of carry flag to "1". 


CLM 


Clears the contents of data length selection flag to "0". 


SEM 


Sets the contents of data length selection flag to "1". 


CLI 


Clears the contents of interrupt disable flag to "0". 


SEI 


Sets the contents of interrupt disable flag to "1". 


CLV 


Clears the contents of overflow flag to "0". 



4.1.5 Branching and Return Instructions 

The branching and return instructions enable changing the program execution sequence. 
The following table summarizes the branching and return instructions: 



Category 


Instruction 


Description 


Jump 


JMP 


Sets a new address in the program counter and jumps to the new 
address. 


BRA 


Jumps to the address obtained by adding an offset value to the 
contents of the program counter. 


JSR 


Saves the contents of the program counter to the stack and then 
jumps to the new address. 
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Category 


Instruction 


Description 


Branch 


bbu 


Causes a branch if the specified mernory bits are all "0". 


D D O 
DDO 


Causes a branch if the specified memory bits are all "1". 


bUU 


Causes a branch if the carry flag is set to "0". 


BOo 


Causes a branch if the carry flag is set to "1". 


blNt 


Causes a branch if the zero flag is set to "0". 


btvj 


Causes a branch if the zero flag is set to "1". 


BPL 


Causes a branch if the negative flag is set to "0". 


BMI 


Causes a branch if the negative flag is set to "1". 


BVC 


Causes a branch if the overflow flag is set to "0". 


BVS 


Causes a branch if the overflow flag is set to "1". 


Return 


RTI 


Returns from the interrupt routine to the original routine. 


RTS 


Returns from a subroutine to the original routine. The program 
bank register contents are not restored. 


RTL 


Returns from a subroutine to the original routine. The program 
bank register contents are restored. 



4.1.6 Interrupt Instruction (Break Instruction) 

The interrupt instruction executes software interrupt. 



Category 


Instruction 


Description 


Break 


BRK 


Executes a software interrupt. 



4.1.7 Special Instructions 

The special instructions listed below control the clock generator circuit. 



Category 


Instruction 


Description 


Special 


WIT 


Stops the internal clock. 


STP 


Stops the oscillator. 


4.1.8 Other instruction 


Category 


Instruction 


Description 


Other 


NOP 


Only advances the program counter. 
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4.2 Description of Instructions 

This section describes the Series MELPS 7700 instructions individually. To the extent possible, 
each instruction is described using one page per instruction. Each instruction description page 
is headed by the instruction mnemonic, and the pages are arranged in alphabetical order of the 
mnemonics. For each instruction, operation and description of the instruction, status flag changes 
and a listing sorted by addressing modes of the assembler coding format (Note 1), machine code, 
bytes-count and cycles-count (Note 2) are presented. 

Note1 . The assembler coding formats shown are general examples, and they may differ from the 
actual formats for the assembler used. Please be sure to refer to the mnemonic coding 
description in the manual for the assembler actually used for programming. 

Note2. The cycles-counts shown are the minimum possible, and they vary depending on the fol- 
lowing conditions: 

• Value of direct page register's lower byte 

The cycles-count shown are for when the direct page register's lower byte (DPRl) is 
00i6. When using an addressing mode that uses the direct page register with 
DPRl;^"00i6", the cycles-count will be 1 more than the value shown. 

• Number of bytes that have been loaded in the instruction queue buffer 

• Whether the first address of the memory read/write is even- or odd-numbered in 
accessing the 16-bit data length. 

• Accessing of an external memory are with BYTE=1 (using 8-bit external bus) 
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The table below lists the symbols that are used in this section: 



Symbol 


Description 


Symbol 


Description 


C 


Carry flag 


DPR 


Direct page register 


z 


Zero flag 


DPRh 


Direct page register's upper 8 bits 


1 


Interrupt disable flag 


DPRl 


Direct page register's lower 8 bits 


D 


Decimal operation mode flag 


1 o 


processor siaius register 


X 


Index register length selection flag 


PSh 


Processor status register's upper 8 bits 


m 


Data length selection flag 


1 OL 


Processor status register's lower 8 bits 


V 


Overflow flag 


PQ 

ron 


Processor status register's n-th bit 


N 


Npnativp flan 


M 


Memory contents 


IPL 


Processor interrupt priority level 


M(n) 


Contents of memory location specified by 


+ 


Addition 




operand 


_ 


Subtraction 


M(S) 


wurufcJiiib ui iiieiTiory ai aaaress inaicaisa 


X 


Multiplication 


Mn 


by stack pointer 


/ 


Division 


n-th memory location 


A 


Logical AND 


ADg 


Value of 24-bit address' upper 8-bit 


V 


Logical OR 


ADh 


(Aaa-Aie) 


V 

~ 


Exclusive OR 


Value of 24-bit address' middle 8-bit 




/'Ai'5~Ar1 




Negation 


AUl 


Value of 24-bit address' lower 8-bit (A7~Ao) 




Movement to the arrow direction 


bn 




n-th bit of data 


-> 


Movement to the arrow direction 


dd 


8-bit offset value 






Movement to the arrow direction 




Number of transfer bytes or rotation 




Acc 


Accumulator 




ii, \2 


Number of registers pushed or pulled 


Acch 


A^pi im 1 ilator'c iinrvor fl Kite 




imm 


8-bit immediate value 


Accl 


Accumulator's lower 8 bits 




1 6-bit immediate value (immi specifies the 


immi, imm2 


A 


Accumulator A 




upper 8-bit,and imm2 specifies the lower 8- 


Aw 

AAn 


Accumulator A's upper 8 bits 




bit) 


Al 


Accumulator A's lower 8 bits 


II 


8-bit address value 


B 


Accumulator B 


mmll 


16-bit address value (mm specifies the 


Bh 


Accumulator B's upper 8 bits 




upper 8-bit and II specifies the lower 8-bit) 


Bl 


Accumulator B's lower 8 bits 


hhmmll 


24-bit address value (hh specifies the up- 




Index register X 




per8-bit, mm specifiesthe middle 8-bit and 


X 




II specifies the lower 8-bit) 


Xh 


Index register X's upper 8 bits 


nn 


8-bit data value 


Xl 


Index register X's lower 8 bits 




8-bit data value (Used when coding two 8- 


Y 


ni, n2 


Index register Y 




hit Hat?i QiHfi hv/ <;irlo^ 


Yh 


Index register Y's upper 8 bits 


rr 


Signed 8-bit data value 


Yl 


Index register Y's lower 8 bits 


rrirr2 


Signed 1 6-bit data value (rn is the upper 8- 


S 


Stack pointer 




bit value, and rr2 is the lower 8-bit value) 


PC 


Program counter 






PCh 


Program counter's upper 8 bits 






PCl 


Program counter's lower 8 bits 






REL 


Relative address 






PG 


Program bank register 






DT 


Data bank register 
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Add with Carry 



ADC 



Operation Acc, C <- Acc + M + C 

Description Adds the contents of the accumulator, memory and carry flag, and places the 
result in the accumulator. 

Executed as binary addition if the decimal operation mode flag D is set to 0. 
Executed as decimal addition if the decimal operation mode flag D is set to 1. 



Status flags 

I PL: Not affected. 

N : Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. Meaningless for decimal 
addition. 

V : Set to 1 when binary addition of signed data result in a value outside the range 
of -32768 to +32767 (-128 to +127 if the data length selection flag m is set to 1). 
Otherwise, cleared to 0. Meaningless '.or decimal addition. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z : Set to 1 when the result of operation is 0. Otherwise, cleared to 0. Meaningless 
for decimal addition. 

C : When the data length selection flag m is set to 0, set to 1 if binary addition 
exceeds +65535 or if decimal addition exceeds +9999. OthenA/ise, cleared to 0. 
When the data length selection flag m is set to 1, set to 1 if binary addition 
exceeds +255 or if decimal addition exceeds +99. OthenA/ise, cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


ADC A. #imm 


69i6, imm 


2 


2 


Direct 


ADC A, dd 


65i6, dd 


2 


4 


Direct indexed X 


ADC A, dd. X 


75i6, dd 


2 


5 


Direct indirect 


ADC A, (dd) 


72i6, dd 


2 


6 


Direct indexed X indirect 


ADC A, (dd, X) 


61 16, dd 


2 


7 


Direct indirect indexed Y 


ADC A, (dd), Y 


71 16, dd 


2 


8 


Direct indirect long 


ADCL A, (dd) 


67i6, dd 


2 


10 


Direct indirect long indexed Y 


ADCL A, (dd), Y 


77i6. dd 


2 


11 


Absolute 


ADC A, mmll 


6Di6, II, mm 


3 


4 


Absolute indexed X 


ADC A, mmll, X 


7Di6, II, mm 


3 


6 


Absolute indexed Y 


ADC A, mmll, Y 


79i6, II, mm 


3 


6 


Absolute long 


^ADC A, hhmmll 


6Fi6, II, mm, hh 


4 


6 


Absolute long indexed X 


ADC A, hhmmll, X 


7Fi6, II, mm, hh 


4 


7 


Stack pointer relative 


ADC A, nn,S 


63i6, nn 


2 


5 


Stack pointer relative 


ADC A, (nn, S), Y 


73i6, nn 


2 


8 


indirect indexed Y 











(Note1) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 



(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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AND 



Logical AND 



AND 



Operation Acc <r- Acc A M 

Description Performs logical AND between the contents of the accumulator and the contents 

of memory, and places the result in the accumulator. 



Status flags 



IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


AND A, #imm 


29i6, imm 


2 


2. 


Direct 


AND A, dd 


25i6, dd 


2 


4 


Direct indexed X 


AND A, dd, X 


35i6, dd 


2 


5 


Direct indirect 


AND A, (dd) 


32i6, dd 


2 


6 


Direct indexed X indirect 


AND A, (dd, X) 


21 16, dd 


2 


7 


Direct indirect indexed Y 


AND A, (dd), Y 


31 16, dd 


2 


8 


Direct indirect long 


ANDL A, (dd) 


27i6. dd 


2 


10 


Direct indirect long indexed Y 


ANDL A, (dd), Y 


37i6, dd 


2 


11 


Absolute 


AND A. mmll 


2Di6, II, mm 


3 


4 


Absolute indexed X 


AND A, mmll, X 


3Di6, II, mm 


3 


6 


Absolute indexed Y 


AND A. mmll, Y 


39i6, II, mm 


3 


6 


Absolute long 


AND A, hhmmll 


2Fi6, II, mm, hh 


4 


6 


Absolute long indexed X 


AND A, hhmmll, X 


3Fi6, II, mm, hh 


4 


7 


Stack pointer relative 


AND A, nn, S 


23i6, nn 


2 


5 


Stack pointer relative 


AND A, (nn, S), Y 


33i6, nn 


2 


8 


indirect indexed Y 











(Notel) This table applies when using the accumulator A. If using the accumulator B, replace 'A" with "B". 
In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 
1 and the cycles-count increases by 2. 



(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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ASL 



Arithmetic Shift Left 



ASL 



Operation 



When m=0 
bi5 



bo 



c 


<- 



































When m=1 
b7 



bo 



c 


^4- 



















Description Shifts all bits of the accumulator or memory one place to the left. Bit 0 is loaded 

with 0. The carry flag C is loaded from bit 15 (or bit 7 when the data length 
selection flag m is set to 1) of the data before the shift. 



Status flags 

IPL 
N 

V 
m 

X 

D 
1 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Othen/vise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

Set to 1 when bit 15 (or bit 7 when the data length selection flag m is set tol) 
before the operation is 1. OthenA/ise, cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


ASL A 


0Ai6 


1 


2 


Direct 


ASL dd 


06i6, dd 


2 


7 


Direct indexed X 


ASL dd, X 


16i6, dd 


2 


7 


Absolute 


ASL mmll 


0Ei6, 11, mm 


3 


7 


Absolute indexed X 


ASL mmll, X 


1 Ei6, II, mm 


3 


8 



(Notel) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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BBC 



Branch on Bit Clear 



BBC 



Operation When MAIMM=0 

PC <- PC + n ± PEL (PEL is instruction's second byte) 

PG ^ PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 

When M A IMM;^0 
PC ^ PC + n 

PG PG + 1 (if carry on PC) 

IMM is the bit pattern that specifies the bit positions to be tested. 

The value of n is determined as follows: 

If the data length selection flag m is set to 1, n=4 if direct bit relative 
addressing mode, and n=5 if absolute bit relative addressing mode. 

If the data length selection flag m is set to 0, n=5 if direct bit relative 
addressing mode, and n=6 if absolute bit relative addressing mode. 

Description The BBC instruction tests the specified bits (which may be specified simultane- 

ously) of memory. The instruction causes a branch to the specified address 
when the specified bits are all 0. The branch address is specified by a relative 
address. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct bit relative 


BBC #imm, dd, rr 


34i6, dd, imm, rr 


4 


7 


Absolute bit relative 


BBC #imm, mm!!, rr 


3Ci6, II, mm, imm, rr 


5 • 


8 



(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection flag 
m set to 0. 

(Note2) The cycles-count increases by 2 when a branch occurs. 
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BBS 



Branch on Bit Set 



BBS 



Operation When M A IMM=0 

PC <- PC + n ± REL (REL is instruction's second byte) 

PG ^ PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 

Wiien MAIMMt^O 
PC <- PC + n 

PG PG + 1 (if carry on PC) 



IMM is the bit pattern that specifies the bit positions to be tested. The value of 
n is determined as follows: 

If the data length selection flag m is set to 1, n=4 if direct bit relative 
addressing mode, and n=5 if absolute bit relative addressing mode. 

If the data length selection flag m is set to 0, n=5 if direct bit relative 
addressing mode, and n=6 if absolute bit relative addressing mode. 



Description The BBS instruction tests the specified bits (which may be specified simultane- 

ously) of memory. The instruction causes a branch to the specified address 
when the specified bits are all 1 . The branch address is specified by a relative 
address. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct bit relative 


BBS #imm, dd, rr 


24i6, dd, imm, rr 


4 


7 


Absolute bit relative 


BBS #imm, mmll, rr 


2Ci6, II, mm, imm, rr 


5 


8 



(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection 
flag m set to 0. 

(Note2) The cycles-count increases by 2 when a branch occurs. 
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BCC 



Branch on Carry Clear 



BCC 



Operation When C=0, 

PC <- PC 4- 2 ± REL (REL is instruction's second byte) 

PG <- PG + 1 (if carry on PC), PG ^ PG - 1 (if borrow on PC) 

When C=1, 

PC <- PC + 2 

PG <- PG + 1 (if carry on PC) 

Description When the carry flag C is clear (0), the BCC instruction causes a branch to the 

specified address. The branch address is specified by a relative address. 

When the carry flag C is set (1), the program advances to next step without any 
action. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BOG rr 


90i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BCS 



Branch on Carry Set 



BCS 



Operation When C=1, 

PC <- PC + 2 ± REL (REL is instruction's second byte) 

PG <- PG + 1 (if carry on PC), PG ^ PG - 1 (if borrow on PC) 

When C=0, 

PC <- PC + 2 

PG ^ PG + 1 (if carry on PC) 

Description When the carry flag C is set (1), the BCS instruction causes a branch to the 

specified address. The branch address is specified by a relative address. 

When the carry flag C is clear (0), the program advances to next step without any 
action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BCS rr 


B0i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BEQ 



Branch on Equal 



BEQ 



Operation When Z=1, 

PC ^ PC + 2 ± PEL (PEL is Instruction's second byte) 

PG f- PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 

When Z=0, 

PC <- PC + 2 

PG f- PG + 1 (if carry on PC) 

Description When the zero flag Z is set (1), the BEQ instruction causes a branch to the 

specified address. The branch address is specified by a relative address. 

When the zero flag Z is clear (0), the program advances to next step without any 
action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BEQ rr 


F0i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BMI 



Branch on Result Minus 



BMI 



Operation When N=1, 

PC <- PC + 2 ± REL (REL is instruction's second byte) 

PG ^ PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 

When N=0, 

PC <- PC + 2 

PG <- PG + 1 (if carry on PC) 

Description When the negative flag N is set (1), the BU\ instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 

When the negative flag N is clear (0), the program advances to next step without 
any action. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BMI rr 


30i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BNE 



Branch on Not Equal 



BNE 



Operation When Z=0, 

PC f- PC + 2 ± REL (REL is instruction's second byte) 

PG <- PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 

When Z=1, 

PC <- PC 4- 2 

PG <~ PG + 1 (if carry on PC) 

Description When the zero flag Z is clear (0), the BNE instruction causes a branch to the 

specified address. The branch address is specified by a relative address. 

When the zero flag Z is set (1), the program advances to next step without any 
action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BNE rr 


D0i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BPL 



Branch on Result Plus 



BPL 



Operation When N=0, 

PC <- PC + 2 ± REL (REL is instruction's second byte) 

PG <- PG + 1 (if carry on PC), PG «- PG - 1 (if borrow on PC) 



When N=1. 

PC <- PC + 2 

PG <- PG + 1 (if carry on PC) 



Description When the negative flag N is clear (0), the BPL instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 

When the negative flag N is set (1), the program advances to next step without 
any action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BPL rr 


10i6, rr 


2 


4 



(Note1) The cycles-count increases by 2 when a branch occurs. 
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BRA 



Branch Always 



BRA 



Operation 

For short relative branch, 

PC <- PC + 2 ± REL (REL is instruction's second byte) 

PG <- PG 4- 1 (if carry on PC), PG ^ PG - 1 (if borrow on PC) 

For long relative branch, 

PC <- PC + 3 ± REL (REL is a numeric value represented by the instruc- 
tion's second and third bytes) 



Description The BRA instruction causes a branch to the specified address. The branch 
address is specified by a relative address. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BRA rr 


80i6, rr 


2 


4 




BRAL rrirr2 


82i6, rr2, rn 


3 


4 
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BRK 



Force Break 



BRK 



Operation PC <- PC + 2 

M(S) <- PG 
S 4- S - 1 
M(S) <- PCh 
S S - 1 
M(S) ^ PCl 
S <- S - 1 
M(S) ^ PSh 
S S - 1 
M(S) ^ PSl 
S <- S - 1 

1^1 • 

PCl ^ M(FFFAi6) 
PCh ^ M(FFFBi6) 
PG ^ 00i6 

Description When the BRK instmction is executed, the CPU first saves the address where the 

next instruction is stored, and then saves the contents of the processor status 
register on the stack. Then, the CPU executes a branch to the address in bank- 
0 the lower portion of which is specified by the contents of FFFAie in bank-0 and 
the upper portion specified by the contents of FFFBie in bank-0. 

Status flags 



IPL 


Not 


affected. 


N 


Not 


affected. 


V 


Not 


affected. 


m 


Not 


affected. 


X 


Not 


affected. 


D 


Not 


affected. 


1 


Set 


to 1. 


Z 


Not 


affected. 


c 


Not 


affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


BRK #nn 


00i6,EAi6 


2 


15 



(Note1) The instruction's second byte is ignored, so any value impossible. 



71 



BVC 



Branch on Overflow Clear 



BVC 



Operation When V=0, 

PC ^ PC + 2 ± PEL (PEL is instruction's second byte) 

PG <- PG -f 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 



When V=1, 

PC <- PC + 2 

PG PG + 1 (if carry on PC) 



Description When the overflow flag V is clear (0), the BVC instruction causes a branch to the 
specified address. The branch address is specified by a relative address. 

When the overflow flag V is set (1), the program advances to next step without 
any action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BVC rr 


50i6, rr 


2 


4 



(Note 1) The cycles-count increases by 2 when a branch occurs. 
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BVS 



Branch on Overflow Set 



BVS 



Operation WhenV=1, 

PC PC + 2 ± REL (REL is instruction's second byte) 

PG <- PG + 1 (if carry on PC), PG <- PG - 1 (if borrow on PC) 



When V=0, 

PC <- PC + 2 

PG <- PG + 1 (if carry on PC) 



Description When the overflow flag V is set (1), the BVS instruction causes a branch to the 

specified address. The branch address is specified by a relative address. 

When the overflow flag V is clear (0), the program advances to next step without 
any action. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Relative 


BVS rr 


70i6, rr 


2 


4 



(Notel)The cycles-count increases by 2 when a branch occurs. 
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CLB 



Clear Bit 



CLB 



Operation M <- MA IMM 

IMM is the bit pattern that specifies the bit positions that are to be cleared to 0. 
The bit positions that are to be cleared are indicated by 1 in IMM, and the bit po- 
sitions that are not to be cleared are indicated by 0 in IMM. 

When the data length selection flag m is set to 1 , IMM is placed in the third byte 
(direct bit addressing mode) or the fourth byte (absolute bit addressing mode) of 
the instruction. 

When the data length selection flag m is set to 0, IMM is placed in the third and 
fourth bytes (direct bit addressing mode) or the fourth and fifth bytes (absolute bit 
addressing mode) of the instruction. 

Description The CLB instruction clears the specified memory bits to 0. Multiple bits to be 
cleared can be specified at one time. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct bit 


CLB #imm, dd 


14i6, dd, imm 


3 


8 


Absolute bit 


CLB #imm, mmll 


1Ci6, II, mm, imm 


4 


9 



(Note1) The bytes-count increases by 1 when operating on 16-bit data with the data length selection 
flag m set to 0. 
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CLC 



Clear Carry Flag 



CLC 



Operation 0^-0 



Description Clears the contents of carry flag C to 0. 
Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Not affected. 


c 


Cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


CLC 


1816 


1 


2 
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CLI 



Clear Interrupt Disable Status 



CLI 



Operation I <- 0 

Description Clears the interrupt disable flag I to 0. 



Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Cleared to 0. 


Z 


Not affected. 


c 


Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied | CLI 


58i6 


1 


2 
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CLM 



Clear m Flag 



CLM 



Operation m f- 0 

Description Clears the data length selection flag m to 0. 

Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Cleared to 0. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Not affected. 


c 


Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


CLM 


D8i6 


1 


2 
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CLP 



Clear Processor Status 



CLP 



Operation PSl <r- PSi A IMM 

(IMM is the immediate value. Its specified in the second byte of the instruction.) 

Description Clears the processor status flags specified by the bit pattern in the second byte 

of the instruction to 0. 

Status flags The specif ed flags are cleared. I PL is not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


CLP #imm 


C2i6, imm 


2 


4 
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CLV 



Clear Overflow Flag 



CLV 



Operation V 0 

Description Clears the overflow flag V to 0. 

Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Cleared to 0. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Not affected. 


c 


Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


CLV 


B8i6 


1 


2 
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CMP 



Compare 



CMP 



Operation Acc - M 

Description Subtracts the contents of memory from the contents of the accumulator. The 
accumulator and memory contents are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Othen^/ise, cleared to 0. 
Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


CMP A, #imm 


C9i6, imm 


2 


2 


Direct 


CMP A, dd 


C5i6, dd 


2 


4 


Direct indexed X 


CMP A, dd, X 


D5i6, dd 


2 


5 


Direct indirect 


CMP A, (dd) 


D2i6. dd 


2 


6 


Direct indexed X indirect 


CMP A, (dd, X) 


C1i6, dd 


2 


7 


Direct indirect indexed Y 


CMP A. (dd). Y 


D1i6, dd 


2 


8 


Direct indirect long 


CMPL A, (dd) 


C7i6, dd 


2 


10 


Direct indirect long indexed Y 


CMPL A, (dd). Y 


D7i6, dd 


2 


11 


Absolute 


CMP A. mmll 


CDi6, II, mm 


3 


4 


Absolute indexed X 


CMP A, mmll, X 


DDi6, II, mm 


3 


6 


Absolute indexed Y 


CMP A, mmll, Y 


D9i6, II, mm 


3 


6 


Absolute long 


CMP A, hhmmll 


CFi6, II, mm, hh 


4 


6 


Absolute long indexed X 


CMP A, hhmmll, X 


DFi6, II, mm, hh 


4 


7 


Stack pointer relative 


CMP A. nn, S 


C3i6, nn 


2 


5 


Stack pointer relative 


CMP A. (nn. S), Y 


D3i6, nn 


2 


8 


indirect indexed Y 











(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 

In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 

1 and the cycles-count increases by 2. 
(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection 

flag m set to 0, the bytes-count increases by 1 . 
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CPX 



Compare Memory and Index Register X 



CPX 



Operation X - M 



Description Subtracts the contents of memory from the contents of the index register X. The 
index register X and memory contents are not changed. 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Othen^/ise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X : Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


CPX #imm 


E0i6, imm 


2 


2 


Direct 


CPX dd 


E4i6, dd 


2 


4 


Absolute 


CPX mmll 


ECi6, II, mm 


3 


4 



(Notel) When operating on 16-bit data in the immediate addressing mode with the index register length 
selection flag x set to 0, the bytes-count increases by 1. 
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CPY 



Compare Memory and Index Register Y 



CPY 



Operation Y - M 

Description Subtracts the contents of memory from the contents of the index register Y. The 

index register Y and memory contents are not changed. 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z : Set to 1 when the result of operation is 0. Othen^/ise, cleared to 0. 

C : Set to 1 if the result of operation is 0 or larger. Otherwise, cleared to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


CPY #imm 


C0i6, imm 


2 


2 


Direct 


CPY dd 


C4i6,dd 


2 


4 


Absolute 


CPY mmll 


CCi6, II, mm 


3 


4 



(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag X set to 0, the bytes-count increases by 1 . 
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DEC Decrement by One DEC 

Operation Acc <- Acc - 1 or M <- M -1 

Description Subtracts 1 from the contents of the accumulator or memory. 



Status flags 

IPL : 
N : 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA^ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA^ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


DEC A 


1A16 


1 


2 


Direct 


DEC dd 


C6i6, dd 


2 


7 


Direct indexed X 


DEC dd, X 


D6i6, dd 


2 


7 


Absolute 


DEC mm!! 


CEi6, II, mm 


3 


7 


Absolute indexed X 


DEC mmll, X 


DEi6, II, mm 


3 


8 



(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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DEX Decrement Index Register X by One DEX 



Operation X <- X - 1 

Description Subtracts 1 from the contents of the index register X. 



Status flags 

IPL : 

N : 

V ; 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


DEX 


CAi6 


1 


2 
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DEY 



Decrement Index Register Y by One 



DEY 



Operation Y ^ Y - 1 

Description Subtracts 1 from the contents of the index register Y. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


DEY 


88i6 


1 


2 
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DIV 



Divide 



DIV 



Operation 



If m=0 
B 



B(remaincler), A(quotient) <- (B, A) / M 
A M(n+1) M(n) 



Dividend 



If m=1 



Bl 



Al 



Dividend 



Divisor 



M(n) 



Divisor 



B 



Quotient 



Remainder 



Al 



Bl 



Quotient 



Remainder 



Description When the data length selection flag m is set to 0, a 32-bit data stored in the 
accumulators B (upper 16 bits) and A (lower 16 bits) are divided by a 16-bit data 
in memory. The quotient is placed in the accumulator A, and the remainder is 
placed in the accumulator B. 

When the data length selection flag m is set to 1, a 16-bit data stored in the lower 
8 bits of the accumulators B (upper 8 bits) and A (lower 8 bits) are divided by an 
8 bit data in memory. The quotient is placed in the lower 8 bits of the 
accumulator A, and the remainder is placed in the lower 8 bits of the accumulator 
B. 

When an overflow results from this operation negrect removed out, the V flag is 
set. 

When divisor is 0, the zero division interrupt is generated, in which case the 
contents of the processor status register are saved on the stack and a branch 
occurs to the address in bank-0 as specified by the zero division interrupt vector. 
Accumulator contents are not changed. 



Status flags 



IPL Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 

quotient from the operation is 1. Otherwise, cleared to 0. 

V Set to 1 when the quotient from the operation exceeds 16 bits (or 8 bits if the data 

length selection flag m is set to 1) (i.e., an overflow has occurred). Otherwise, 
cleared to 0. No changes occur when divisor is 0. 

m Not affected. 

X Not affected. 

D Not affected. 

I Not affected. 

Z Set to 1 when the quotient from the operation is 0. Otherwise, cleared to 0. No 

changes occur when divisor is 0. 

C Set to 1 when the quotient from the operation exceeds 1 6 bits (or 8 bits if the data 

length selection flag m is set to 1) (i.e., an overflow has occurred). Otherwise, 
cleared to 0. No changes occur when divisor is 0. 



86 



Divide 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


ImmpHiatp 

II 1 1 1 1 icvjinic 


DIV #imm 


89ifi 29ifi imm 


3 


27 


Direct 


DIV dd 


89i6, 25i6, dd 


3 


29 


Direct indexed X 


DiV dd, X 


89i6, 35i6, dd 


3 


30 


Direct indirect 


DIV (dd) 


89i6, 32i6, dd 


3 


31 


Direct indexed X indirect 


DIV (dd, X) 


89i6, 21 16, dd 


3 


32 


Direct indirect indexed Y 


DIV (dd), Y 


89i6, 31 16, dd 


3 


33 


Direct indirect long 


DIVL (dd) 


89i6, 27i6, dd 


3 


35 


Direct indirect long indexed Y 


DIVL (dd). Y 


89i6, 37i6, dd 


3 


36 


Absolute 


DIV mmll 


89i6, 2Di6, II, mm 


4 


29 


Absolute indexed X 


DIV mmll, X 


89i6, 3Di6, II ,mm 


4 


31 


Absolute indexed Y 


DIV mmll, Y 


89i6, 39i6, II ,mm 


4 


31 


Absolute long 


DIV hhmmll 


89i6, 2Fi6, II, mm, hh 


5 


31 


Absolute long indexed X 


DIV hhmmll, X 


89i6, 3Fi6, II, mm, hh 


5 


32 


Stack pointer relative 


DIV nn, S 


89i6, 23i6, nn 


3 


30 


Stack pointer relative 


DIV (nn, S), Y 


89i6, 33i6, nn 


3 


33 


indirect indexed Y 











(Notel) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 

m set to 0, the bytes-count increases by 1. 
(Note2) The cycles-count in this table are for 16-bit 8-bit operations. For 32-bit 16-bit operations, the 

cycles-count increases by 16. 
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EOR 



Exclusive OR Memory with Accumulator 



EOR 



Operation Acc <- Acc V M 

Description Performs the logical EXCLUSIVE OR between the contents of the accumulator 
and the contents of memory, and places the result in the accumulator. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Othen/vise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


EOR A, #imm 


49i6, imm 


2 


2 


Direct 


EOR A. dd 


45i6, dd 


2 


4 


Direct indexed X 


EOR A, dd, X 


55i6, dd 


2 


5 


Direct indirect 


EOR A, (dd) 


52i6, dd 


2 


6 


Direct indexed X indirect 


EOR A, (dd, X) 


41 16, dd 


2 


7 


Direct indirect indexed Y 


EOR A, (dd), Y 


51 16, dd 


2 


8 


Direct indirect long 


EORL A, (dd) 


47i6, dd 


2 


10 


Direct indirect long indexed Y 


EORL A, (dd), Y 


57i6, dd 


2 


11 


Absolute 


EOR A, mmll 


4Di6, II, mm 


3 


4 


Absolute indexed X 


EOR A, mmll, X 


5Di6, II, mm 


3 


6 


Absolute indexed Y 


EOR A, mmll, Y 


59i6, II, mm 


3 


6 


Absolute long 


EOR A, hhmmll 


4Fi6, II, mm, hh 


4 


6 


Absolute long indexed X 


EOR A, hhmmll, X 


5Fi6, II, mm, hh 


4 


7 


Stack pointer relative 


EOR A, nn. S 


43i6, nn 


2 


5 


Stacl< pointer relative 


EOR A, (nn, S), Y 


53i6, nn 


2 


8 


indirect indexed Y 











(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 

In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 

1 and the cycles-count increases by 2. 
(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 

m set to 0, the bytes-count increases by 1. 
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INC 



Increment by One 



INC 



Operation Acc <- Acc + 1 or M <- M + 1 



Description Adds 1 to the contents of the accumulator or memory. 



Status flags 



IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affcted. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Othenwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


INC A 


3Ai6 


1 


2 


Direct 


INC dd 


E6i6, dd 


2 


7 


Direct indexed X 


INC dd, X 


F6i6, dd 


2 


7 


Absolute 


INC mmll 


EEi6, II, mm 


3 


7 


Absolute indexed X 


INC mmll. X 


FEi6, II, mm 


3 


8 



(Note1) The accumulator addressing mode's specification in this table applies when using the accu- 
mulator A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at 
the beginning of the machine code, the bytes-count increases by 1 and the cycles-count 
increases by 2. 
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INX 



Increment Index Register X by One 



INX 



Operation X ^ X + 1 

Description Adds 1 to the contents of the index register X. 



Status flags 



IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied. 


INX 


E8i6 


1 


2 
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INY 



Increment Index Register Y by One 



INY 



Operation 



Y <- Y + 1 



Description 



Adds 1 to the contents of the index register Y. 



Status flags 

IPL : 

N : 

V 
m 

X 

D 
I 

z • 

C 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


INY 


C8i6 


1 


2 
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JMP 



Jump 



JMP 



Operation If absolute addressing mode, 

PCl ^ ADl 
PCh <- ADh 

If absolute long addressing mode, 
PCl <- ADl 
PCh <- ADh 
PG <- ADg 

If absolute indirect addressing mode, 
PCl <- (ADh, ADl) 
PCh <- (ADh, ADl + 1) 



If absolute indirect long addressing mode, 
PCl <- (ADh, ADl) 
PCh <- (ADh, ADl + 1) 
PG <- (ADh, ADl + 2) 

If absolute indexed X indirect addressing mode, 
PCl <- (ADh, ADl + X) 
PCh <- (ADh, ADl + X + 1) 

(ADl, ADh and ADg specify the instruction's second, third and fourth bytes, re- 
spectively.) 

Description The JMP instruction causes a jump to the address specified for the addressing 
mode in use. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Absolute 


JMP mmll 


4Ci6. II, mm 


3 


2 


Absolute long 


JMPL hhmmll 


5Ci6, II, mm, hh 


4 


4 


Absolute indirect 


JMP (mmll) 


6Ci6, II, mm 


3 


4 


Absolute indirect long 


JMPL (mmll) 


DCi6, II, mm 


3 


8 


Absolute indexed X indirect 


JMP (mmll. X) 


7Ci6, II, mm 


3 


6 
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JSR 



Jump to Subroutine 



JSR 



Operation If absolute addressing mode, 

M(S) ^ PCh 
S ^ S - 1 
M(S) <r- PCl 
S <- S - 1 
PCl ^ ADl 
PCh <r- ADh 

If absolute long addressing mode, 
M(S) <- PG 
S ^ S - 1 
M(S) <- PCh 
S ^ S - 1 
M(S) <- PCl 
S ^ S - 1 
PCl ^ ADl 
PCh <- ADh 
PG ^ ADg 

If absolute indexed X indirect addressing mode, 
M(S) <r- PCh. 
S ^ S - 1 
M(S) ^ PCl 
S <- S - 1 

PCl <- (ADh, ADl + X) 
PCh <- (ADh, ADl + X + 1) 

(ADl, ADh and ADg specify the instruction's second, third and fourth bytes, re- 
spectively.) 

Description The contents of the program counter PC (or the program bank register PG and 
the program counter PC if absolute long addressing mode) are first saved on the 
stack, then a jump occurs to the address shown for each addressing mode. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Absolute 


JSR mmll 


20i6, II, mm 


3 


6 


Absolute long 


JSRL hhmmil 


22i6, 11, mm, hh 


4 


8 


Absolute indexed X indirect 


JSR (mmll, X) 


FCi6, II, mm 


3 


8 
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LDA 



Load Accumulator from Memory 



LDA 



Operation Ago <- M 



Description Loads the contents of memory into the accumulator. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


LDA A, #imm 


A9i6, imm 


2 


2 


Direct 


LDA A, dd 


A5i6, dd 


2 


4 


Direct indexed X 


LDA A, dd, X 


B5i6, dd 


2 


5 


Direct indirect 


LDA A, (dd) 


B2i6, dd 


2 


6 


Direct indexed X indirect 


LDA A, (dd, X) 


A1i6, dd 


2 


7 


Direct indirect indexed Y 


LDA A, (dd), Y 


B1i6, dd 


2 


8 


Direct indirect long 


LDAL A, (dd) 


A7i6, dd 


2 


10 


Direct indirect long indexed Y 


LDAL A, (dd), Y 


B7i6, dd 


2 


11 


Absolute 


LDA A, mmll 


ADi6, II, mm 


3 


4 


Absolute indexed X 


LDA A. mmll, X 


BDi6, II, mm 


3 


6 


Absolute indexed Y 


LDA A, mmll, Y 


B9i6, II, mm 


3 


6 


Absolute long 


LDA A, hhmmll 


AFi6, II, mm, hh 


4 


6 


Absolute long indexed X 


LDA A, hhmmll, X 


BFi6, II, mm, hh 


4 


7 


Stack pointer relative 


LDA A, nn, S 


A3i6, nn 


2 


5 


Stack pointer relative 


LDA A. (nn, S), Y 


B3i6, nn 


2 


8 


indirect indexed Y 











(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 

In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 

1 and the cycles-count increases by 2. 
(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 

pi set to 0, the bytes-count increases by 1. 
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LDM 



Load Immediate to Memory 



LDM 



Operation M <- IMM (IMM is an immediate value) 

Description Loads an immediate value into memory. 
Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct 


LDM #imm, dd 


64i6, dd, imm 


3 


4 


Direct indexed X 


LDM #imm, dd, X 


74i6, dd, imm 


3 


5 


Absolute 


LDM #imm, mmll 


9Ci6, II, mm, imm 


4 


5 


Absolute indexed X 


LDM #imm, mmll, X 


9Ei6, II, mm, imm 


4 


6 



(Note1) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 
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LDT 



Load Immediate to Data Bank Register 



LDT 



Operation DT <- IMM (IMM is an immediate value) 

Description Loads an immediate value into the data bank register DT. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


LDT #imm 


89i6, C2i6, imm 


3 


5 
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LDX 



Load Index Register X from Memory 



LDX 



Operation X <- M 



Description Loads the contents of memory into the index register X. 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


LDX #imm 


A2i6, imm 


2 


2 


Direct 


LDX dd 


A6i6, dd 


2 


4 


Direct indexed Y 


LDX dd, Y 


B6i6, dd 


2 


5 


Absolute 


LDX mmll 


AEi6, II, mm 


3 


4 


Absolute indexed Y 


LDX mmll, Y 


BEi6, 11, mm 


3 


6 



(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag X set to 0, the bytes-count increases by 1. 
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LDY 



Load Index Register Y from Memory 



LDY 



Operation Y <- M 

Description Loads the contents of memory into the index register Y. 



Status flags 



IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


LDY #imm 


A0i6, imm 


2 


2 


Direct 


LDY dd 


A4i6, dd 


2 


4 


Direct indexed X 


LDY dd, X 


B4i6, dd 


2 


5 


Absolute 


LDY mmll 


ACi6, II, mm 


3 


4 


Absolute indexed X 


LDY mmll, X 


BCi6, II, mm 


3 


6 



(Note1) When operating on 16-bit data in the immediate addressing mode with the index register length se- 
lection flag X set to 0, the bytes-count increases by 1. 
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LSR 



Logical Shift Right 



LSR 



Operation 

When m=0 
bi5 

0 



bo 



When m=1 



b7 



bo 



Description Shifts all bits of the accunnulator or memory one place to the right. Bit 15 (or bit 
7 if the data length selection flag m is set to 1) of the accumulator or memory is 
loaded with 0. 

The carry flag C is loaded from bit 0 of the data before the shift. 



Status flags 



IPL 


Not affected. 


N 


Cleared to "0". 


V 


Not affected. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Set to 1 when 


c 


Set to 1 when 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


LSR A 


4Ai6 


1 


2 


Direct 


LSR dd 


46i6. dd 


2 


7 


Direct indexed X 


LSR dd, X 


56i6, dd 


2 


7 


Absolute 


LSR mm!! 


4Ei6, 11, mm 


3 


7 


Absolute indexed X 


LSR mmll, X 


5Ei6, II, mm 


3 


8 



(Note1) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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MPY 



Multiply 



MPY 



Operation 
Description 



B, A 



A X M 



When the data length selection flag m is set to 0, The contents of the accumulator 
A and the contents of memory are multiplied. Multiplication is performed as 16- 
bit X 16-bit, and the result is a 32-bit data which is placed in the accumulators B 
(upper 16 bits of the result) and A (lower 16 bits of the result). 

When the data length selection flag m is set to 1, the lower 8-bit contents of the 
accumulator A and the contents of memory are multiplied. Multiplication is 
performed as 8-bit x 8-bit, and the result is a 16-bit data which is placed in the 
lower 8 bits of the accumulators B (upper 8 bits of the result) and A (lower 8 bits 
of the result). 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 31 (or bit 15 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Othen^/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


MPY #imm 


89i6, 09i6, imm 


3 


16 


Direct 


MPY dd 


89i6, 05i6, dd 


3 


18 


Direct indexed X 


MPY dd, X 


89i6, 15i6, dd 


3 


19 


Direct indirect 


MPY (dd) 


89i6, 12i6, dd 


3 


20 


Direct indexed X indirect 


MPY (dd. X) 


89i6, 01 16, dd 


3 


21 


Direct indirect indexed Y 


MPY (dd), Y 


89i6, 11 16, dd 


3 


22 


Direct indirect long 


MPYL (dd) 


89i6, 07i6, dd 


3 


24 


Direct indirect long indexed Y 


MPYL (dd), Y 


89i6, 17i6, dd 


3 


25 


Absolute 


MPY mmll 


89i6, 0Di6, II, mm 


4 


18 


Absolute indexed X 


MPY mmll, X 


89i6, 1Di6, II, mm 


4 


20 


Absolute indexed Y 


MPY mmll, Y 


89i6, 19i6, II, mm 


4 


20 


Absolute long 


MPY hhmmll 


89i6, 0Fi6, II, mm, hh 


5 


20 


Absolute long indexed X 


MPY hhmmll, X 


89i6, 1Fi6, II, mm, hh 


5 


21 


Stack pointer relative 


MPY nn, S 


89i6, 03i6, nn 


3 


19 


Stack pointer relative 


MPY (nn, S), Y 


89i6, 13i6, nn 


3 


22 


indirect indexed Y 











(Notel) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 



(Note2) The cycles-count in this table are for 8-bit x 8-bit multiplications. For 16-bit x 16-bit multiplications, 
the cycles-count increases by 8. 
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MVN 



Move Negative 



MVN 



Operation Mn - Mn+k <- Mm ~ Mm+k 

Description Normally, a block of data is transferred from upper addresses to lower 
addresses. The transfer is performed in the ascending address order of the 
block being transferred. The target bank is specified by the instruction's 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 
instruction's third byte, and the address within the source bank is specified 
by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X and Y are incremented by 1 , so that the index register 
X will become a value equal to 1 larger than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
larger than the target address of the last byte received. The data bank 
register DT will become the terget bank number, and the accumulator A will 
become FFFFie. 

The accumulator A is affected by flag m. The index register X and Y are 
affected by flag x. 

When the contents of the accumulator A is "OOie", the data are not trans- 
ferred. 



Status flags : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Block transfer 


MVN ni, n2 


54i6, ni, r\2 


3 


7+(i/2)x7 



(Note1) The cycles-count shown above is for when the nunnber of bytes transferred, i, is an even 
number. If i is an odd number, the cycles-count is obtained as follows: 

7 + (i ^ 2) X 7 + 4. 
Note that (i ^ 2) denotes the integer part of the result of dividing i by 2. 
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MVP 



Move Positive 



MVP 



Operation Mn-k - Mn <- Mm k ~ Mm 

Description Normally, a block of data is transferred from lower addresses to upper 
addresses. The transfer is performed in the descending address order of 
the block being transferred. The target bank Is specified by the instruction's 
second byte, and the address within the target bank is specified by the 
contents of the index register Y. The source bank is specified by the 
instruction's third byte, and the address within the source bank is specified 
by the contents of the index register X. The accumulator A is loaded with the 
bytes-count of the data to be transferred. As each byte of data is transferred, 
the index registers X and Y are decremented by 1, so that the index register 
X will become a value equal to 1 less than the source address of the last 
byte transferred and the index register Y will become a value equal to 1 
smaller than the target address of the last byte received. The data bank 
register DT will become the target bank number, and the accumulator A will 
become FFFFie. 

The accumulator A is affected by flag m. The index register X and Y are 
affected by flag x. 

When the contents of the accumulator A is "OOie", the data are not trans- 
ferred. 



Status flags : Not affected. 



Addressing mode 


Syntax 


Maciiine code 


Bytes 


Cycles 


Block transfer 


MVP ni, n2 


44i6, ni, 02 


3 


9+(i/2)x7 



(Note1) The cycles-count shown above is for when the number of bytes transferred, 1, is an even 
number. If i is an odd number, the cycles-count is obtained as follows: 

9 + (i ^ 2) x 7 + 5. 
Note that (i + 2) denotes the integer part of the result of dividing i by 2. 
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NOP 



No Operation 



NOP 



Operation PC <- PC + 1 

PG ^ PG + 1 (if carry on PC) 

Description This instruction only causes the program counter to be incrennented by 1 and 
nothing else. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


implied 


NOP 


EAi6 


1 


2 
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ORA 



OR Memory with Accumulator 



ORA 



Operation Acc <- Acc V M 

Description Performs the logical OR between the contents of the accumulator and the con- 
tents of memory, and places the result in the accumulator. 



Status flags 



I PL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


ORA A, #imm 


09i6. imm 


2 


2 


Direct 


ORA A, dd 


05 16. dd 


2 


4 


Direct indexed X 


ORA A, dd. X 


15i6, dd 


2 


5 


Direct indirect 


ORA A, (dd) 


12i6. dd 


2 


6 


Direct indexed X indirect 


ORA A, (dd, X) 


01 16, dd 


2 


7 


Direct indirect indexed Y 


ORA A. (dd), Y 


11 16, dd 


2 


8 


Direct indirect long 


ORAL A, (dd) 


07i6, dd 


2 


10 


Direct indirect long indexed Y 


ORAL A, (dd). Y 


17i6, dd 


2 


11 


Absolute 


ORA A, mmll 


0Di6. II, mm 


3 


4 


Absolute indexed X 


ORA A. mmll. X 


1Di6, II, mm 


3 


6 


Absolute indexed Y 


ORA A, mmll, Y 


19i6, II, mm 


3 


6 


Absolute long 


ORA A.^hhmmll 


0Fi6. II, mm, hh 


4 


6 


Absolute long indexed X 


ORA A. hhmmll, X 


1Fi6, II, mm, hh 


4 


7 


Stack pointer relative 


ORA A, nn, S 


03i6, nn 


2 


5 


Stack pointer relative 


ORA A, (nn, S), Y 


13i6, nn 


2 


8 


indirect indexed Y 











(Note1) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 

In this case. "42i6" is added at the beginning of the machine code, the bytes-count increases by 1 

and the cycles-count increases by 2. 
(Note2) When operating on 16-bit data in the immediate addressing mode with the data length selection flag 

m set to 0. the bytes-count increases by 1. 
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PEA 



Push Effective Address 



PEA 



Operation M(S) ^ IMM2 (IMM2 is the immediate value specified by the instruction's third byte) 

S <- S - 1 

M(S) <- IMM1 (IMM1 is the immediate value specified by the instruction's second byte) 
S<-S-1 

Description The instruction's third and second bytes are saved on the stack in this order. 
Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PEA #immiimm2 


F4i6, imm2, immi 


3 


5 
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PEI 



Push Effective Indirect Address 



PEI 



Operation M(S) ^ M (DPR + IMM + 1) 

S f- S - 1 

M(S) <- M (DPR + IMM) 
S f- S - 1 

DPR represents the contents of the direct page register, and IMM represents 
the offset address within the direct page as specified by the instruction's 
second byte. 



Description Saves the contents of the consecutive 2 bytes in the direct page as specified by 

the sum of the contents of the direct page register DPR and the instruction's 
second byte on the stack in the order of upper address first and lower address 
second. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PEI #imm 


D4i6, imm 


2 


5 
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PER 



Push Effective Program Counter Relative Address 



PER 



Operation EAR PC + IMM2, IMM1 

M(S) <- Upper byte of EAR 
S <- S - 1 

M(S) ^ Lower byte of EAR 
S <- S - 1 

EAR represents the value obtained by adding the 16-bit data represented by "IMM2, 
IMM1" and the contents of the program counter. IMM2 and IMMi represent the 
instruction's third and second bytes, respectively, and "IMM2, IMMi" represents a 16-bit 
data with IMM2 being the upper byte and IMM1 being the lower byte. 

Description Saves the result of adding a 16-bit data consisting of an upper byte specified by 

the instruction's third byte and a lower byte specified by the instruction's second 
byte with the contents of the program counter on the stack in the order of the 
result's upper byte first and lower byte second. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PER #immiimm2 


62i6, imm2, immi 


3 


5 



107 



PHA 



Push Accumulator A on Stack 



PHA 



Operation If m=0, If m=1, 

M(S) Ah M(S) ^ Al 

S ^ S - 1 S ^ S - 1 
M(S) <- Al 
S f- S - 1 



Description Saves the contents of the accumulator A to the address specified by the stack 

pointer S. When the data length selection flag m is set to 0, the accumulator A's 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator A's lower byte is saved 
on the stack. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHA 


48i6 


1 


4 
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PHB 



Push Accumulator B on Stack 



PHB 



Operation 



If m=0, 

M(S) ^ Bh 
S <- S - 1 
M(S) f- Bl 
S ^ S - 1 



If m=1, 

M(S) <- Bl 
S <- S - 1 



Description Saves the contents of the accumulator B to the address indicated by the stack 

pointer S. When the data length selection flag m is set to 0, the accumulator B's 
upper byte is saved on the stack first and then the lower byte. When the data 
length selection flag m is set to 1, only the accumulator B's lower byte is saved 
on the stack. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHB 


42i6, 48i6 


2 


6 
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PHD 



Push Direct Page Register on Stack 



PHD 



Operation M(S) <r- DPRh 

S <- S - 1 
M(S) <- DPRl 
S f- S - 1 

Description Saves the contents of the direct page register DPR to the address indicated by 

the stack pointer S in the order of upper byte first and then lower byte. 

Status flags Not affected. 



Addressing mode 


Syntax 


Maciiine code 


Bytes 


Cycles 


Stack 


PHD 


OB16 


1 


4 
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PHG 



Push Program Bank Register on Stack 



PHG 



Operation M(S) <- PG 

S <- S - 1 

Description Saves the contents of the program bank register to the address indicated by the 
stack pointer S. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHG 


4Bi6 


1 


3 
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PHP 



Push Processor Status on Stack 



PHP 



Operation M(S) <- PSh 

8 <- S - 1 
M(S) ^ PSl 
S <- S - 1 

Description Saves the contents of the processor status register PS to the address indicated 
by the stack pointer S in the order of upper byte and then lower byte. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHP 


08i6 


1 


4 
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PHT 



Push Data Bank Register on Stack 



PHT 



Operation M(S) DT 

S <- S - 1 

Description Saves the contents of the data bank register DT to the address indicated by the 
stack pointer S. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHT 


8B16 


1 


3 
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PHX 



Push Index Register X on Stack 



PHX 



Operation If x=0, If x=1, 

M(S) <- Xh M(S) <- Xl 

S <- S - 1 S f- S - 1 
W\(S) <- Xl 
S <- S - 1 



Description Saves the contents of the index register X to the address indicated by the stack 

pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1, only the lower byte is saved on the stack. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHX 


DAi6 


1 


4 
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PHY 



Push Index Register Y on Stack 



PHY 



Operation 



If x=0, 

M(S) <- Yh 
S <- S - 1 
M(S) ^ Yl 
S f- S - 1 



If x=1, 

M(S) ^ Yl 
S <- S - 1 



Description Saves the contents of the index register Y to the address indicated by the stack 

pointer S. When the index register length selection flag x is set to 0, the contents 
are saved in the order of upper byte and then lower byte. When the index register 
length selection flag x is set to 1 , only the lower byte is saved on the stack. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PHY 


5Ai6 


1 


4 
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PLA 



Pull Accumulator A from Stack 



PLA 



Operation 



If m=0, 

S f- S + 1 
Al ^ M(S) 
S <- S + 1 
Ah ^ M(S) 



If m=1, 

S <- S + 1 
Al <- M(S) 



Description The stack pointer S is incremented, and then restores the lower byte of the 

accumulator A with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the ac- 
cumulator A with the data at the address indicated by the stack pointer S. When 
the data length selection flag m is set to 0, 2 bytes data are restored. When the 
data length selection flag m is set to 1, only 1 byte data is restored (to the lower 
byte of the accumulator A). 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
operation result is 1. OthenA/ise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLA 


68i6 


1 


5 
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PLB 



Pull Accumulator B from Stack 



PLB 



Operation 



If m=0, 

S ^ S + 1 
Bl <- M{S) 
S ^ S + 1 
Bh ^ M(S) 



If m=1, 

S <- S + 1 
Bl <r- M(S) 



Description The stack pointer S is incremented, and then restores the lower byte of the 
accumulator B with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
accumulator B with the data at the address indicated by the stack pointer S. 
When the data length selection flag m is set to 0, 2 bytes data are restored. 
When the data length selection flag m is set to 1, only 1 byte data is restored (to 
the lower byte of the accumulator B). 



Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1)of 

the operation result is 1. Otherwise, cleared to 0. 

V : Not affected, 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

0 : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLB 


42i6, 68i6 


2 


7 
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PLD 



Pull Direct Page Register from Stack 



PLD 



Operation S ^ S + 1 

DPRl ^ M(S) 
S «- S + 1 
DPRh ^ M(S) 

Description The stack pointer S is incremented, and then restores the lower byte of the direct 

page register DPR with the data at the address indicated by the stack pointer S. 
Again, increments the stack pointer S and then restores the upper byte of the 
direct page register DPR with the data at the address indicated by the stack 
pointer S. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLD 


2Bi6 


1 


5 
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PLP 



Pull Processor Status from Stack 



PLP 



Operation 8^-8 + 1 

P8l <- M(8) 
8^8 + 1 
P8h <- M(8) 

Description The stack pointer 8 is incremented and then restores the lower byte of the 
processor status register P8 with the data at the address indicated by the stack 
pointer 8. Again, increments the stack pointer 8 and then restores the upper byte 
of the processor status register P8 with the data at the address indicated by the 
stack pointer 8. 

Status flags Changes to the values restored from the stack. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLP 


28i6 


1 


6 
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PLT 



Pull Data Bank Register from Stack 



PLT 



Operation 



S <- 
DT 



S + 1 
- M(S) 



Description The stack pointer S is incremented, and then the data bank register DT is 
restored with the data at the address indicated by the stack pointer S. 



Status flags 

IPL : 
N 
V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 7 of the operation result is 1. Othen^/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLT 


ABi6 


1 


6 
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PLX 



Pull Index Register X from Stack 



PLX 



Operation If x=0, If x=1, 

Xl <- M(S) Xl ^ M(S) 

S ^ S + 1 
Xh ^ M(S) 



Description The stack pointer S is incremented, and then restores the lower byte of the index 

register X with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register X with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bytes are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register X). 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I : Not affected. 

Z Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLX 


FAi6 1 


5 
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PLY 



Pull Index Register Y from Stack 



PLY 



Operation If x=0, If x=1, 

+ 1 S<-S + 1 

Yl ^ M(S) Yl ^ M(S) 
S <- S + 1 
Yh ^ M(S) 



Description The stack pointer S is incremented, and then restores the lower byte of the index 
register Y with the data at the address indicated by the stack pointer S. Again, 
increments the stack pointer S and then restores the upper byte of the index 
register Y with the data at the address indicated by the stack pointer S. When 
the index register length selection flag x is set to 0, 2 bytes are restored. When 
the index register length selection flag x is set to 1, only 1 byte is restored (to the 
lower byte of the index register Y). 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PLY 


7Ai6 


1 


5 
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PSH Push PSH 

Operation M(S) ^ A, B, X, Y, DPR, DT, PG or PS 



Description This instruction's second byte specifies the registers to be saved. The registers 
corresponding to the bits in the second byte that are 1 are saved on the stack. 
The bit and register correspondence is as shown below: 

b? bo - 

[ PS I PG I DT I DPR I Y I X I B I A I 

f- Saved on the stack in this order. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PSH #nn 


EB16, nn 


2 


12+2xii+i2 



(Note1) To the cycles-count shown above, the values shown below are added depending on the registers 
being saved. The count is 12 cycles when no registers are saved. ii in above table represents 
the number of registers (chosen from A, B, X, Y, DPR and PS) to be saved, and h represents the 
number of registers (chosen from DT and PG) to be saved. 



Register type 


PS 


PG 


DT 


DPR 


Y 


X 


B 


A 


Cycles-count 


2 


1 


1 


2 


2 


2 


2 


2 
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PSH 



Push 



PSH 



PSH 




M(S) ^ Ah 
Sf-S-1 

M(S) <- Al 
S<-S-1 



M(S) <- AL 
S<-S-1 




M(S) «-'Bh 
Sf-S-1 

M(S) <- BL 
Sf-S-1 



M(S) <- BL 
Sf-S-1 




M(S) <- Xh 

M(S) <r- XL 



M(S) f- XL 
Sf-S-1 




M(S) <- Yh 
S<-S-1 

M(S) Yl 
Sf-S-1 



M(S) ^ Yl 
S<-S-1 




M(S) ^ DPRh 

M(S) DPRl 
S<-S-1 




M(S) <r- PSH 

S<-S-1 
M(S) PSl 
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PUL 



Pull 



PUL 



Operation M(S) -> A, B, X, Y, DPR, DT or PS 



Description This instruction's second byte specifies the registers to be restored. The registers 
corresponding to the bits in the second byte that are 1 are restored from the 
stack. The bit and register correspondence is as shown below: 

b? bo 

I PS I I DT I DPR I Y \ X |~B I A I 



Restored from the stack in this order. 



(Note) The contents of accumulator B's higher 8-bit will be changed, when PUL instruction 
is executed with m=0 and the restored register including PS whose m=1. 

Status flags When bit 7 of the instruction's second byte is 1, specifying that the program 
status register PS is to be restored, the status flags are restored to the values 
that had been restored from the stack. Othen^/ise, the status flags are not 
affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Stack 


PUL #nn 


FBi6, nn 


2 


14+3xin-4xi2 



(Note1) To ihe cycles-count shown above, the values shown below are added depending on the registers 
being restored. The count is 14 cycles when no registers are restored. ii in above table represents 
the number of registers (chosen from A, B, X, Y, PS and DT) to be saved. i2=1 if DPR is to be 
restored, and i2=0 if DPR is not to be restored. 



Register type 


PS 


DT 


DPR 


Y 


X 


B 


A 


Cycles-count 


3 


3 


4 


3 


3 


3 


3 
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PUL 



Pull 



PUL 



PUL 



<m(7) 




S+1 
PSl f- M(S) 

S+1 
PSH M(S) 


► 




^<Qn(5) 


S^ S+1 
DT^ M(S) 




S^S+1 
DPRLf- M(S) 

S^S+1 
DPRh ^ M(S) 




S<-S+1 
Yl <- M(S) 

S<-S+1 
YH ^ M(S) 



S^S+1 
YL ^ M(S) 




S<-S+1 
Xl^ M(S) 

S^S+1 
XH <- M(S) 



Sf-S+1 
XLf- M(S) 




S^S+1 
Bl ^ M(S) 

S<- S+1 
Bh ^ M(S) 



Sf-S+1 
Bl^ M(S) 




Sf-S+1 
Al <- M(S) 

S<-S+1 
Ah f- M(S) 



S<-S+1 
AL <- M(S) 



0 
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RLA 



Rotate Left Accumulator A 



RLA 



Operation 

If m=0, rotate n bits to left (n=0-65535) 



bi5 



bo 



If m=1, rotate n bits to left (n=0-255) 



b7 



bo 



Description The contents of the accumulator A are rotated to the left by n bits. The value 
of n is specified by the instruction's third byte (or third and fourth bytes when 
m=0). 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


RLA #imm 


89i6, 49i6, imm 


3 


6+i 



i: Number of rotation 

(Note1) When the data length selection flag m is 0, the bytes-count increases by 1. 
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ROL 



Rotate One Bit Left 



ROL 



Operation 

If m=0, 



bi5 



bo 



If m=1, 



b7 



bo 



Description The carry flag C is linked to the accumulator or memory, and the combined 
contents are rotated by 1 bit to the left. 

Bit 0 of the accumulator or memory is loaded with the content of the carry flag 
C before execution of this instruction, and the carry flag C is loaded with the 
content of bit 15 (or bit 7 if the data length selection flag m is set to 1) of the 
accumulator or memory before execution of this instruction. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) before 
execution of the instruction is 1. Otherwise, cleared to 0 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


ROL A 


2Ai6 


1 


2 


Direct 


ROL dd 


26i6, dd 


2 


7 


Direct indexed X 


ROL dd, X 


36i6, dd 


2 


7 


Absolute 


ROL mmll 


2Ei6, II, mm 


3 


7 


Absolute indexed x 


ROL mmll, X 


3Ei6, II, mm 


3 


8 



(Notel) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 
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ROR 



Rotate One Bit Right 



ROR 



Operation 

If m=0, 




If m=1, 







b7 


bo 






c 























The carry flag C is linked to the accumulator or memory, and the combined 
contents are shifted by 1 bit to the right. 

Bit 15 (or bit 7 if the data length selection flag m is set to 1) of the accumula- 
tor or memory is loaded with the content of the carry flag C, and the carry flag 
C is loaded with the content of bit 0 of the accumulator or memory before 
execution of this instruction. 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 when bit 0 before execution of the instruction is 1. Othen^/ise, cleared 
to 0. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Accumulator 


ROR A 


6Ai6 


1 


2 


Direct 


ROR dd 


66i6, dd 


2 


7 


Direct indexed X 


ROR dd, X 


76i6. dd 


2 


7 


Absolute 


ROR mmll 


6Ei6, II, mm 


3 


7 


Absolute indexed X 


ROR mmll, X 


7Ei6, II, mm 


3 


8 



(Notel) The accumulator addressing mode's specification in this table applies when using the accumulator 
A. If using the accumulator B, replace "A" with "B". In this case, "42i6" is added at the beginning 
of the machine code, the bytes-count increases by 1 and the cycles-count increases by 2. 



Description 



Status flags 

IPL ; 

N ; 

V 
m 

X 

D 
I 

Z 

c 
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RTI 



Return from Interrupt 



RTI 



Operation 



S f- S + 1 
PSl <r- M(S) 
S <- S + 1 
PSh M(S) 
S ^ S + 1 
PCl ^ M(S) 
S ^ S + 1 
PCh M(S) 
S <- S + 1 
PG ^ M(S) 



Description The contents of the processor status register PS, program counter PC, and 
program bank register PG, which are saved on the stack when the last interrupt 
was accepted, are restored these registers. 



Status flags Restored according to the values that had been on the stack. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


RTI 


40i6 


1 


11 
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RTL 



Return from Subroutine Long 



RTL 



Operation 



S <- S + 1 
PCl <- M(S) 
S <- S + 1 
PCh <- M(S) 
S <- S + 1 
PG <- M(S) 



Description The program counter PC and program bank register PG are restored according 
to the state previously saved on the stack. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


RTL 


6Bi6 


1 


8 
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RTS 



Return from Subroutine 



RTS 



Operation 



S f- S + 1 
PCl <- M(S) 
S <- S + 1 
PCh 4- M(S) 



Description The program counter PC is restored according to the state previously saved on 
the stack. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


RTS 


60i6 


1 


5 
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SBC 



Subtract with Carry 



SBC 



Operation Acc, C <- Acc - M - C 

Description Subtracts the contents of mennory and the Vs complements of carry flag from the 
contents of the accumulator , and places the result in the accumulator. Executed 
as a binary subtraction if the decimal operation mode flag D is set to 0. Executed 
as a decimal subtraction if the decimal operation mode flag D is set to 1. 



Status flags 



I PL 
N 



m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. Meaningless for decimal 
subtraction. 

Set to 1 when binary subtraction of signed data results in a value outside the 
range of -32768 to +32767 (-128 to +127 if the data length selection flag m is set 
to 1). Otherwise, cleared to 0. fvleaningless for decimal subtraction. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Set to 1 when the result of operation is equal to or larger than 0. Otherwise, 

cleared to 0, and a borrow is indicated. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


SBC A, #imm 


E9i6, 


imm 


2 


2 


Direct 


SBC A, dd 


E5i6, 


dd 


2 


4 


Direct indexed X 


SBC A,dd, X 


F5i6, 


dd 


2 


5 


Direct indirect 


SBC A. (dd) 


F2i6, 


dd 


2 


6 


Direct indexed X indirect 


SBC A.(dd. X) 


E116, 


dd 


2 


7 


Direct indirect indexed Y 


SBC A.(dd). Y 


F116, 


dd 


2 


8 


Direct indirect long 


SBCL A, (dd) 


E7i6, 


dd 


2 


10 


Direct indirect long indexed Y 


SBCL A, (dd), Y 


F7i6, 


dd 


2 


11 


Absolute 


SBC A.mmll 


EDi6 


ll,mm 


3 


4 


Absolute indexed X 


SBC A, mmll, X 


FDi6, 


II, mm 


3 


6 


Absolute indexed Y 


SBC A, mmll, Y 


F9i6, 


II, mm ' 


3 


6 


Absolute long 


SBC A, hhmmll 


EFi6, 


11, mm, hh 


4 


6 


Absolute long indexed X 


SBC A, hhmmll, X 


FFi6, 


11, mm, hh 


4 


7 


Stack pointer relative 


SBC A, nn, S 


E3i6, 


nn 


2 


5 


Stack pointer relative 


SBC A, (nn, S), Y 


F3i6. 


nn 


2 


8 


indirect indexed Y 













(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 



(Note 2)When operating on 16-bit data in the immediate addressing mode with the data length selection flag 
m set to 0, the bytes-count increases by 1. 
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SEB 



Set Bit 



SEB 



Operation M <- M V IMM 

IMM is the bit pattern that specifies the bit positions that are to be set to 1. 

When the data length selection flag nn is set to 1 , IMM is placed in the third byte 
(direct bit addressing mode) or the fourth byte (absolute bit addressing mode) of 
the instruction. 

When the data length selection flag m is set to 0, IMM is placed in the third and 
fourth bytes (direct bit addressing mode) or the fourth and fifth bytes (absolute bit 
addressing mode) of the instruction. 

Description The SEB instruction sets the specified memory bits to 1. Multiple bits to be set 

can be specified at one time. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct bit 


SEB #imm, dd 


04i6, dd, imm 


3 


8 


Absolute bit 


SEB #imm, mmll 


0Ci6, II, mm, imm 


4 


9 



(Notel) When operating on 16-bit data with the data length selection flag m set to 0, the bytes-count 
increases by 1. 
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SEC 



Set Carry Flag 



SEC 



Operation C <- 1 

Description Sets the carry flag C to 1 . 

Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Not affected. 


c 


Set to 1 . 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


SEC 


38i6 


1 


2 
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SEI 



Set Interrupt Disable Status 



SEI 



Operation 
Description 
Status flags 



I 1 



Sets the interrupt disable flag I to 1 . 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Not affected. 


X 


Not affected. 


D 


Not affected. 


1 


Set to 1. 


Z 


Not affected. 


c 


Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


SEI 


78i6 


1 


2 
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SEM 



Set m Flag 



SEM 



Operation m <- 1 

Description Sets the data length selection flag m to 1. 
Status flags 



IPL 


Not affected. 


N 


Not affected. 


V 


Not affected. 


m 


Set to 1. 


X 


Not affected. 


D 


Not affected. 


1 


Not affected. 


Z 


Not affected. 


c 


Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


SEM 


F8i6 


1 


2 
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SEP 



Set Processor Status 



SEP 



Operation PSl ^ PSl V IMM 

(IMM is the immediate value specified in the second byte of the instruction.) 

Description Sets the processor status flags specified by the bit pattern in the second byte of 
the instruction to 1 . 

Status flags The specified flags are set. IPL is not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Immediate 


SEP #imm 


E2i6, imm 


2 


3 
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STA 



Store Accumulator in Memory 



STA 



Operation 



When m=0, 
M(n) <- Accl 
M(n+1) <r- Acch 



When m=1 

M(n) <- Accl 



Description Stores the contents of the accumulator in memory. 

The contents of the accumulator are not changed. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct 


STA A, dd 


85i6, dd 


2 


4 


Direct indexed X 


STA A, dd, X 


95i6, dd 


2 


5 


Direct indirect 


STA A, (dd) 


92i6 dd 


2 


7 


Direct indexed X indirect 


STA A, (dd, X) 


81 16. dd 


2 


7 


Direct indirect indexed Y 


STA A, (dd), Y 


91 16, dd 


2 


7 


Direct indirect long 


STAL A. (dd) 


87i6. dd 


2 


10 


Direct indirect long indexed Y 


STAL A, (dd), Y 


97i6. dd 


2 


11 


Absolute 


STA A, mmll 


8Di6. II, mm 


3 


5 


Absolute indexed X 


STA A, mmll, X 


9Di6, 11, mm 


3 


5 


Absolute indexed Y 


STA A, mmll, Y 


99i6, II, mm 


3 


5 


Absolute long 


STA A, hhmmll 


8Fi6, 11, mm. hh 


4 


6 


Absolute long indexed X 


STA A, hhmmll. X 


9Fi6, 11, mm, hh 


4 


7 


Stack pointer relative 


STA A, nn, S 


83i6, nn 


2 


5 


Stack pointer relative 


STA A, (nn, S), Y 


93i6, nn 


2 


8 


indirect indexed Y 











(Notel) This table applies when using the accumulator A. If using the accumulator B, replace "A" with "B". 
In this case, "42i6" is added at the beginning of the machine code, the bytes-count increases by 1 
and the cycles-count increases by 2. 
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STP 



Stop 



STP 



Operation Stop the oscillator. 



Description Resets the oscillator controlling flip-flop circuit to inhibit the oscillator. To restart 

the oscillator, either an interrupt or reset must be executed. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


STP 


DB16 


1 


3 
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STX 



Store Index Register X in Memory 



STX 



Operation 



When x=0, 
M(n) ^ Xl 
M(n+1) ^ Xh 



When x=1 
M(n) <- Xl 



Description Stores the contents of the index register X in memory. The contents of the index 
register X remain the same. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct 


STX dd 


8616. dd 


2 


4 


Direct indexed Y ' 


STX dd. Y 


96i6, dd 


2 


5 


Absolute 


STX mm!! 


8E16, II, mm 


3 


5 
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STY 



Store Index Register Y in Memory 



STY 



Operation When x=0, When x=1 

M(n) Yl M(n) ^ Yl 

M(n+1) <r- Yh 

Description Stores the contents of the index register Y in memory. The contents of the index 

register Y remain the same. 

Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Direct 


STY dd 


84i6, dd 


2 


4 


Direct indexed X 


STY dd, X 


94i6, dd 


2 


5 


Absolute 


STY mm II 


8Ci6, II, mm 


3 


5 
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TAD 



Transfer Accumulator A to Direct Page Register 



TAD 



Operation DPR <- A 

Description Loads the direct page register DPR with the contents of the accumulator A. Data 

is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator A are not changed. 



Status flags : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TAD 


5Bi6 


1 


2 
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TAS 



Transfer Accumulator A to Stack Pointer 



TAS 



Operation S <- A 

Description Loads the stack pointer S with the contents of the accumulator A. Data is 
transferred as 16-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator A are not changed. 



Status flags : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TAS 


IB16 


1 


2 
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TAX 



Transfer Accumulator A to Index Register X 



TAX 



Operation 



If x=0, 

Xl <- Al 
Xh <- Ah 



If x=1, 
Xl 



Al 



Description Loads the index register X with the contents of the accumulator A. The contents 
of the accumulator A- are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TAX AAi6 


1 


2 
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TAY 



Transfer Accumulator A to Index Register Y 



TAY 



Operation 



x=0, 
Yl <- Al 
Yh <- Ah 



If x=1, 
Yl <- Al 



Description Loads the index register Y with the contents of the accumulator A. The contents 

of the accumulator A are not changed. 



Status flags 

I PL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TAY 


A8i6 


1 


2 
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TBD 



Transfer Accumulator B to Direct Page Register 



TBD 



Operation DPR <- B 

Description Loads the direct page register DPR with the contents of the accumulator B. Data 
is transferred as 16-bit data regardless of the status of the data length selection 
flag m. The contents of the accumulator B are not changed. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TBD 


42i6, 5Bi6 


2 


4 
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TBS 



Transfer Accumulator B to Stack Pointer 



TBS 



Operation S <- B 

Description Loads the stack pointer S with the contents of the accumulator B. Data is 
transferred as 16-bit data regardless of the status of the data length selection flag 
m. The contents of the accumulator B are not changed. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TBS 


42i6, IB16 


2 


4 
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TBX 



Transfer Accumulator B to Index Register X 



TBX 



Operation 



If x=0, 

Xl <- Bl 
Xh <- Bh 



If x=1, 

Xl ^ Bl 



Description Loads the index register X with the contents of the accumulator B. The contents 
of the accumulator B are not changed. 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Othenvise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TBX 


42i6, AAi6 


2 


4 
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TBY 



Transfer Accumulator B to Index Register Y 



TBY 



Operation 



If x=0, 

Yl ^ Bl 
Yh «- Bh 



If x=1, 

Yl <r- Bl 



Description Loads the index register Y with the contents of the accunnulator B. The contents 

of the accumulator B are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TBY 


42i6, A8i6 


2 


4 
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TDA 



Transfer Direct Page Register to Accumulator A 



TDA 



Operation 



If m=0, 

Al <- DPRl 
Ah <r- DPRh 



If m=1, 

Al <- DPRl 



Description Loads the accumulator A with the contents of the direct page register DPR. The 

contents of the direct page register DPR are not changed. 



Status flags 

IPL : 
N : 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TDA 


7Bi6 


1 


2 
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TDB 



Transfer Direct Page Register to Accumuiator B 



TDB 



Operation 



If m=0, 

Bl f- DPRl 
Bh <- DPRh 



If m=1, 

Bl f- DPRl 



Description Loads the accumulator B with the contents of the direct page register DPR. The 

contents of the direct page register DPR are not changed. 



Status flags 

IPL : 

N : 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TDB 


42i6, 7Bi6 


2 


4 



152 



TSA 



Transfer Stack Pointer to Accumulator A 



TSA 



Operation 



If m=0, 
Al <- Sl 
Ah <r- Sh 



If m=1, 

Al <- Sl 



Description Loads the accumulator A with the contents of the stack pointer S. The contents 

of the stack pointer S are not changed. 



Status flags 

IPL : 

N : 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 it the data length selection flag m is set to 1) of 
the operation result is 1. Othenwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code { Bytes 


Cycles 


Implied 


TSA 


3Bi6 


1 


2 
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TSB 



Transfer Stack Pointer to Accumulator B 



TSB 



Operation If m=0, If m=1, 

Bl ^ Sl Bl ^ 

Bh <- Sh 



Description Loads the accumulator B with the contents of the stack pointer S. The contents 

of the stack pointer S are not changed. 



Status flags 

I PL : Not affected. 

N Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Othen/vise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TSB 


42i6, 3Bi6 


2 


4 
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TSX 



Transfer Stack Pointer to Index Register X 



TSX 



Operation 



Description 



If x=0. 

Xl <- Sl 
Xh <— Sh 



If x=1, 

Xl ^ Sl 



Loads the index register X with the contents of the stack pointer S. The contents 
of the stack pointer S are not changed. 



Status flags 

IPL : 

N : 

V : 
m : 

X 

D 
I 

Z 
C 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TSX 


BAi6 


1 


2 
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TXA 



Transfer Index Register X to Accumulator A 



TXA 



Operation 



If m=0 and x=0, 
Al <- Xl 
Ah <r- Xh 



If m=0 and x=1, 
Al <- Xl 
Ah <- OO16 



If nn=1, 

Al <- Xl 



Description Loads the accumulator A with the contents of the index register X. The contents 
of the index register X are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected! 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TXA 


8A16 


1 


2 
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TXB 



Transfer Index Register X to Accumulator B 



TXB 



Operation 



If m=0 and x=0, 
Bl ^ Xl 
Bh <- Xh 



m=0 and x=1, 
Bl <r- Xl 
Bh <- OO16 



If m=1, 

Bl<- Xl 



Description Loads the accumulator B with the contents of the index register X. The contents 

of the index register X are not changed. 



Status flags 

IPL : Not affected. 

N Set to 1 when bit 15 (or bit 7 If the data length selection flag m is set to 1) of 
the operation result is 1. Othen/vise, cleared to 0. 

V : Not affected. 

m : Not affected. 

X Not affected. 

D : Not affected. 

I Not affected. 

Z Set to 1 when the result of operation is 0. Othen^/ise, cleared to 0. 

C : Not affected. 



Addressing mode 


Syntax { Machine code 


Bytes 


Cycles 


Implied 


TXB 


42i6, 8A16 


2 


4 
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TXS 



Transfer Index Register X to Stack Pointer 



TXS 



Operation 



If x=0, 

Sl <r- Xl 

Sh <— Xh 



If x=1, 

Sl <- Xl 
Sh <- 00i« 



Description Loads the stack pointers with the contents of the index register X. The contents 

of the index register X are not changed. 



Status flags 



Not affected. 



Addressing mode 


Syntax 


Machiine code 


Bytes 


Cycles 


Implied 


TXS 


9Ai6 


1 


2 
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TXY 



Transfer Index Register X to Y 



TXY 



Operation 



If x=0, 

Yl ^ Xl 
Yh ^ Xh 



If x=1, 

Yl Xl 



Description Loads the index register Y with the contents of the index register X. The con- 

tents of the index register X are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) cf the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TXY 


9Bi6 


1 


2 
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TYA 



Transfer Index Register Y to Accumulator A 



TYA 



Operation 



If m=0 and x=0, 
Al <- Yl 
Ah <- Yh 



m=0 and x=1, 
Al<- Yl 
Ah <r- OO16 



If m=1, 
Al<- Yl 



Description Loads the accumulator A with the contents of the index register Y. The contents 

of the index register Y are not changed. 



Status flags 

I PL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


ln7pliGd 


TYA 


98i6 


1 


2 
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TYB 



Transfer Index Register Y to Accumulator B 



TYB 



Operation 



If m=0 and x=0, 
Bl ^ Yl 
Bh <- Yh 



If m=0 and x=1, 
Bl <- Yl 
Bh <- OO16 



If m=1, 
Bl f- Yl 



Description Loads the accumulator B with the contents of the index register Y. The contents 

of the index register Y are not changed. 



Status flags 

IPL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the operation result is 1. Othen/vise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. OthenA/ise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TYB 


42i6, 98i6 


2 


4 
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TYX 



Transfer Index Register Y to X 



TYX 



Operation If x=0, If x=1, 

Xl <- Yl Xl ^ Yl 

Xh <- Yh 



Description Loads the index register X with the contents of the index register Y. The con- 

tents of the index register Y are not changed. 



Status flags 

I PL 
N 

V 
m 

X 

D 
I 

Z 

c 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the index register length selection flag x is set 
to 1) of the operation result is 1. OthenA/ise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the result of operation is 0. Otherwise, cleared to 0. 
Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


TYX 


BBi6 


1 


2 
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WIT 



Wait 



WIT 



Operation Stop the internal clock. 



Description The WIT instruction stops the internal clock but not the external clock is not 
stopped. To restart the internal clock, either an interrupt or reset nnust be 
executed. 



Status flags Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


implied 


WIT 


CB16 


1 


3 



163 



XAB 



Exchange Accumulator A and B 



XAB 



Operation 



If m=0, 
Al f-> Bl 
Ah Bh 



If m=1, 

Al Bl 



Description 



Swaps the contents of the accumulators A and B. 



Status flags 



IPL 
N 

V 
m 

X 

D 
I 

Z 



Not affected. 

Set to 1 when bit 15 (or bit 7 if the data length selection flag m is set to 1) of 
the accumulator A after the operation is 1. Otherwise, cleared to 0. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Not affected. 

Set to 1 when the contents of the accumulator A is cleared to 0 by the operation. 
Otherwise, cleared to 0. 

Not affected. 



Addressing mode 


Syntax 


Machine code 


Bytes 


Cycles 


Implied 


XAB 


89i6, 28i6 


2 


6 
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5. Notes for Programming 

Take care of the following when programming with the MELPS 7700 series. 

(1) The stack pointer S is undefined immediately after the reset is commanded. Always set the 
initial value. 

Example ) LDX #27FH 
TXS 



(2) The program bank register PG and the data bank register DT are disabled under the single chip 
mode. Do not set value other than "OOie" here. 



(3) When "1" is set in the D-flag for decimal operation: 

The C-flag alone is effective in the ADC instruction, while the Z, N, and V flags are disabled. 
The C and Z flags alone are effective in the SBC instruction, while the N and V flags are 
disabled. (Decimal operation can be done in the ADC and the SBC instructions alone.) 



(4) Using the 16-bit immediate data with "1" (data length : 8 bits) in the data length selection flag 
m, or using the 8- bit immediate data with "0" (data length : 16 bits) in flag m, will cause the 
program run-away. The same rule is applied to the index register length selection flag x. Take 
care of the condition of these flags when coding the program. 



(5) The f^ELPS 7700 can prefetch the instructions using the 3-byte instruction queue buffer. Keep 
in mind when creating the timer with the software, that the number of cycles shown in the list 
of machine language instructions is the minimum value. (Also see Chapter 6.) 



(6) When value other than "OOie" is set in the lower order 8 bits of the direct page register DPR 
(DPRl), the processing time will become 1 machine cycle longer than when "OOie" is set. 



(7) The processing speed will deteriorate if a 16- bit data will be accessed from an odd address. 
Place the 16-bit data from an even address if the processing speed is important. 



(8) The N and Z flags will change by execution of the PLA instruction, but the contents of the proc- 
essor status register will not change if the accumulator A alone is recovered by the PUL instruc- 
tion. 



(9) The program bank register PG can be saved into the stack by setting "1" in bit 6 of the operation 
by the PSH instruction. However, the PG cannot be recovered by the PUL instruction. 



(10) When the PUL or the PSH instruction is executed, the flag m and the flag x are affected in 
addition. 
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(11) The code in the second byte of the BRK instruction will not affect the CPU. 

(12) When the block transfer instruction (MVN or MVP) is executed with x=1, the contents of middle 
order 8-bit in source and destination address (There are consists of 24-bit.) will be fixed "OO16". 
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6- Instruction Execution Sequence 

The basic clock of the MELPS 7700 central processing unit (CPU) is clock ([) (1/2 the oscillation 
frequency f(XiN)). The basic clock of the bus is an E derived from clock (j), so data exchange be- 
tween the CPU and the internal bus is done via the bus interface unit. The frequency of E is 
normally 1/2 that of clock (|), but it becomes 1/4 that of (j), when accessing external memory while 
the wait is enabled by the wait bit. 



6.1 Bus Interface Unit 

The bus interface unit is a unit that helps data exchange between the CPU and the internal bus. 
The unit is structured by registers and buffers as shown in Figure 6.1.1. The functions of these 
registers and buffers are shown in Table 6.1.1. The CPU reads the instruction code from the 
instruction queue buffer, and the data from the data buffer of the bus interface unit. Then, data 
is written in the data buffer of the bus interface unit. The bus interface unit reads or writes data 
from the memory or I/O via the bus, instead of the CPU. 



PA 



Qo 



Qi 



Q2 



DA 



DBh 



DBl 



Program Address Register 



I Instruction Queue Buffer 
I 



Data Address Register 



Data Buffer 



Fig, 6.1.1 Bus Interface Unit Register Model 



Table 6.1.1 Functions of the Registers and Buffers 



Name 


Function 


Program address register 


This register indicates the address where the program is stored. 


Instruction queue buffer 


The 3-byte buffer for temporal storage of the instruction pre- 
fetched from the memory. 


Data address register 


The register that indicates the address for data read or data 
write. 


Data buffer 


The buffer where the bus interface unit temporarily stores data 
read from the memory or 1/0 or where the CPU temporarily 
stores data to be written into the memory or I/O. 
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6.2 Change of the CPU Basic Clock (|)cpu 

When the bus interface unit is not ready, the CPU extends the basic clock to synchronize with 
the bus, and waits till it is ready. As the CPU basic clock waits owing to some conditions, this 
clock will be called <^pu to be distinguished from the clock . The following are the cases in which 
the (t)cpu waits. 

Causes for the (j)cpu to wait 
<Cause 1> 

When the CPU requests operation codes and operands, but the operation codes and op- 
erands in the instruction queue buffer did not reach the necessary number. 

<Cause 2> 

When the CPU tried to access data, but the bus interface unit was using the bus for fetching 
some data into the instruction queue buffer or writing data. 

<Cause 3> 

When the bus interface unit was reading data from the internal/external memory or I/O, 
according to the request of the CPU. 

In addition to the above, the following are also causes for the (\>cp\j to be extended. 

• When 16-bit data is accessed from odd address. 

• When external memory 16-bit data is accessed while the BYTE terminal level is "H". 

• When external memory is accessed with wait commanded by the wait bit. 

The above conditions causes the execution time to differ each time, even with the same instruc- 
tion and same addressing mode. Two example instructions are given in the next section to see 
the variation of the number of cycles according to the above conditions. 

The " CPU execution sequence per addressing mode " of Appendix-A is the CPU instruction 
execution sequences based on the (t)cpu . The number of cycles shown in " 4.2 Instructions " and 
" Appendix-B List of machine language instructions " are the count for the shortest case, and 
cannot always be applied when calculating the actual cycles or the execution time of instructions. 
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6.3 Instruction Execution Sequence 

The instruction execution sequence of the CPU based on the (t)cpu, and the variation of the actual 
instruction execution cycle when various conditions are applied are shown here. 

• Example 1. ASL instruction Direct addressing mode 

• Example 2. LDA instruction Direct indirect long addressing mode 

f;^•!■;^;^f;;:f^•;;^;•;^ Before observing the (t)cpu based CPU instruction execution sequence ..v.. 

The following table describes the ^cpu based CPU instruction execution sequence symbols. The 
signals indicated in this execution sequence are all CPU internal signals, that show data ex- 
change between the bus interface unit and the CPU. Accordingly, these signals cannot be 
observed from outside. 



(!)cpu Based CPU Instruction E)^ecution Sequence Symbols 



Symbol 


Description 


(t)CPU 


CPU basic clock 


Ap(cpu) 


Higher order 8 bits of the address (24 bits) of the program that the CPU is actually execution 


AhAl(cpu) 


Lower order 1 6 bits of the address (24 bits) of the program that the CPU is actually execution 


DATA(CPU) 


Data information the CPU is processing 


R/W(cpu) 


Data read/write request to the data buffer in the bus interface 


PG,PC 


Contents of the program bank register (PG) and the program counter (PC) 


ADp 


Data indicating the address (higher order 8 bits) 


ADh.ADl 


Data indicating the address (middle order 8 bits, lower order 8 bits) 


DPRh 


Contents of the higher order 8 bits of the direct page register 


DPRl 


Contents of the lower order 8 bits of the direct page register (DPRL = 0 in the examples) 


Dh 


Data to be fetched or written from the data buffer by the CPU (higher order 8 bits) 


Dl 


Data to be fetched or written from the data buffer by the CPU (lower order 8 bits) 


dd 


Contents of the operand (DPRl = 0 in examples 1 and 2, so dd represents the lower order 8 
bits of the address) 
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•BJ Before observing the ([) based instruction execution sequence ESilg^:: 



The (j) based execution sequence symbols are shown in the following table. The signals in this 
execution sequence indicates data exchange of the bus interface unit with the memory and I/O. 
The internal instruction execution sequence of the CPU can be guessed from these signals. 
However, the <^cp\j and the number of data in the instruction queue buffer shown here cannot be 
observed from the outside. 



(|) Based Execution Sequence Symbols 



Symbol 


Description 




Basic operation clock of the microcomputer f(XiN) / 2 


E 


Basic operation clock of the bus (\>/ 2 


hh 


Higher order 8 bits of the address where the bus interface unit is to access to (bank) 


mm 


Middle order 8 bits of the address where the bus interface unit is to access to 


II 


Lower order 8 bits of the address where the bus interface unit is to access to 


DPR 
DPRh 
DPRl 


Contents of the direct page 

Contents of the higher order 8 bits of the direct page register 
Contents of the lower order 8 bits of the direct page register 


OPi 
OP2 
OP3 


Data to be fetched into the instruction queue buffer by the bus interface 

(Operation code or operand) 

The subscript represents the fetch sequence. 


Dl 
Dh 


Data to be fetched into the data buffer or data to be written into the memory by the bus interface 
unit 


dd 


Data obtained as the operand (The lower order 8 bits of the address are given in examples 1 
and 2, because DPRl = 0.) 


ADp 


Higher order 8 bits of data that indicates the address (contents of the data address register) 


ADh 


Middle order 8 bits of data that indicates the address (contents of the data address register) 


ADl 


Lower order 8 bits of data that indicates the address (contents of the data address register) 



The following are the cause of the "(t)cpu to queue" in the <\> based execution sequence. 
Cause 1 

When the CPU required operation codes and operands, but the number of operation codes and 
operands did not reach the requested number. 

Cause 2 

When the CPU tried to access data, but the bus interface was using the bus for fetching data into 
the instruction queue buffer or for writing data. 

Cause 3 

When the bus interface unit is reading data from the internal/external memory or I/O, etc., accord- 
ing to the request of the CPU. 
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Example 1. ASL instruction / direct addressing mode (DPRl = OOie) 
(t)cpu based CPU instruction execution sequence — 



(j) CPU 



Ap(CPU) ~) ( pg )( pg y 



00 



AhAl(cpu) ~) ( PC )( pc+1 )( dpRh . dd y!^~pc^^P) (^ 

DATA(CPU) " ^Op Code Dh D L^Not Used )( p ,)( ^;^^,de 



R / W(CPU) 



Note: All the signals are CPU internal signals, which cannot be observed from outside. 



The following examples 1-1 to 1-6 are examples of the (t)cpu based instruction execution se- 
quences under various conditions. 



Example 1-1 When the Instruction queue buffer Is vacant 

Example 1-2 When two data are In the instruction queue buffer 

Example 1-3 When three data are in the instruction queue buffer 

Example 1-4 When 16-bit data is accessed from odd address 

Example 1-5 When external memory Is accessed from the BYTE terminal using 8-bit 
external bus width 



Example 1-6 When external memory is accessed with wait by the wait bit 
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(Example 1-1) When the instruction queue buffer is vacant 
Conditions 

• Number of data in the instruction queue buffer , 0 

• ROM, RAM External memory is used (Note) 

• Data length selection flag m "0" (16-bit length) 

• BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 

0 based execution sequence 



(jXIPU 



_n 



Number of data in 
instruction queue Q 
buffer 



Fetches Op 
Code 



Fetches 
Operand 



2->1 



n_n_n_r 



Reads Data Modifies Writes Next 

Data Data Instruction 



Modified Dl 



1 Opcode Next Op Code Modified DH 

Opeland (dd) 



A7-A0 ^ 

E 



BHE 



"L" 



X 



11+2 



X 



dd 



R/W 

Cause for (t)CPU to queue 



r 



Cause 1 



Cause 2 



Cause 3 



Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single-chip mode. 
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Operation of the CPU and bus interface unit under various cycles 



(t)No. 


CPU 


Bus interface unit 


1 


(No fetching can be done, because there are no 
operation codes in the instruction queue buffer.) 


Fetches the instruction, because instruction 
queue buffer is vacant and the CPU is not 
using the bus. 


2 


Fetches the operation code. 


^ Fetches 2-byte worth of data into the instruc- 
tion queue buffer when E becomes "L". 


3 


Fetches the operand. 


Prefetches the instruction, because the in- 
struction queue buffer is vacant and the CPU 
is not using the bus. 


4 


(Waits till the bus used by the bus interface unit 
becomes vacant.) 


Fetches 2 bytes worth of data into the instruc- 
tion queue buffer when E becomes "L". 


5 


Waits for E to become "L", to read data. 


6 


Reads data when E becomes "L". 


7 


Modifies data. 




8 


Writes data into the data buffer. 




9 


Fetches the next operation code. 


Writes the contents of the data buffer into the 
original address, when E becomes "L". 
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(Example 1-2) When two data are in the instruction queue buffer 
Conditions 

• Number of data in the instruction queue buffer 2 

• ROM, RAf^ External memory is used (Note) 

• Data length selection flag m "0" (16-bit length) 

• BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 



I based execution sequence 

.12 3 4 




_| I—I I 



Number of data in 
instruction queue 2 ! 1 
buffer 



: Fetches Fetches 
= Op Code Operand 



Reads Data Modifies Writes 
Data Data 



Next 

Instruction 



Modified DL 



hh 



Next Op Code 



Modified DH 



A23~Al6 
/ DATA(even) 



BHE 



R/W 



Cause for ([XDPU to queue 



Cause 2 Cause 3 



Note. The operation when internal ROM and internal RAM are use d, will be ^ shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single chip mode. 



174 



Instruction Execution Sequence 



Operation of the CPU and bus interface unit under various cycles 





CPU 


DUo llilcl laUc Ullll 


1 


Fetches operation code. 




2 


Fetches operand (dd). 


Prefetches the instruction, because the instruct 
queue buffer is vacant and the CPU is not using 
the bus. 


3 


(Waits till the bus used by the bus interlace unit 
becomes vacant.) 


Fetches 2-byte worth of data into the instruction 
queue buffer when E becomes "L". 


4 


Waits for E to become "L", to read data. 


5 


Reads data when E becomes "L". 


6 


Modifies data. 




7 


Writes data into the data buffer. 




8 


Fetches the next operation code. 


Writes the contents of the data buffer into the 
original address, when E becomes "L". 
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(Example 1-3) When three data are in the instruction queue buffer 
Conditions 

• Number of data in the instruction queue buffer 3 

• ROM, RAM External memory is used (Note) 

• Data length selection flag m "0" (16-bit length) 

• BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 




0- _rm_n 



Number of data m 



Tetches Fetches Reads Data Modifies Writes 
PpCode Operand Data Data 



Next 

Instruction 



instruction queue 3 . 2 
buffer 

A23-'Al6 



Modified Dl 



AiB-'Ae 



Modified Dh 



E 

BHE 



"L" 



R/W 

Cause for ^cp\j to queue 







r 










r 







M ► 

Cause 3 



M ► 

Cause 2 



Note. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of the 
level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed from 
outside, when the mode is single chip mode. 
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Operation of the CPU and bus interface unit under various cycles 



(t)No. 


CPU 


Bus interface unit 


1 


Fetches operation code . 




2 


Fetches operand (dd). 




3 


Waits for E to become "L", to read data. 


4 


Reads data when E becomes "L". 


5 


Modifies data. 


Prefetches the instruction, because there are two 
vacant instruction queue buffers and the CPU is not 
using the bus. 


6 


(Waits till the bus used by the bus interface 
unit becomes vacant.) 


Fetches 2-byte worth of data into the instruction 
queue buffer when E becomes "L". 


7 


Writes data into the data buffer. 




8 


Fetches the next operation code. 


Writes the contents of the data buffer into the origi- 
nal address, as E becomes "L". 
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(Example 1-4) When 16-bit data is accessed from odd address 
Conditions 

• Number of data in the instruction queue buffer 0 

• ROM, RAM External memory is used (Notel) 

• Data lengtfi selection flag m "0" (1 6-bit length) 

^ • BYTE terminal level "L" (External bus width is 16 bits) 

• Contents of lower order bytes (PCl) of the program counter Odd 

• Contents of the operand (dd) Odd 



(j) based execution sequence 



10 11 12 13 14 



(J)CPU [ |_ 



n n 



n rLri_n_ 



Number of data in 
instruction queue 0 
buffer 

A23~Al6 
/ DATA(even) 

A 15- As 
/ DATA(odd) 

A7~Ao 



E 

BHE 
R/W 



j Fetches Op Fetcfies 
I Code Operand 

1-*0 



Modifies Writes 
Data Data 



2-»1 



Next 

Instruction 




j~i r 



r 



Cause for ^PU to queue 



-4 ► 

Cause 1 



Cause 1 



Cause 3 



Cause 2 



-4 ► 

Cause 2 

<Note2) 



Notel. The operation when internal ROM and internal RAM are used, will be as shown above, regardless of 
the level of the BYTE terminal. However, the address/data bus, BHE, R/W signal cannot be observed 
from outside, when the mode is single chip mode. 

Note 2. At the < — > part 

* When the CPU does not use the bus, d^cpu corresponds with (\>. 

* When the CPU uses the bus, the (|)cpu queues till the writing in the bus interface unit completes, (the <)i4 
cycle) 
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Instruction Execution Sequence 



Operation of the CPU and bus interface unit under various cycles 



(t)No. 


CPU 


Bus interface unit 


1 


(No fstching can bG donG, bGcausG thcrG arG 
no opGration codGs in thG instruction quGUG 
buffGr.) 


Fpfphp^ thp in^trurtinn hppaiJ«iP irmtriirtinn nupiip 

buffer is vacant and the CPU is not using the bus. 


2 


FGtchGs OpGration codG. 


, rclUllBb 1 UUU dUUlUbb UylB WOllll Ul Udla llUO irifcJ 

instruction queue buffer, when E becomes-'L". 


o 
O 


(No fGtching can bG donG, bGcausG thGrG arG 
no operands in the instruction quGUG buffGr.) 


Fetches the instruction, because instruction queue 
buffer is vacant and the CPU is not using the bus. 


4 


Fetclies operand (dd). 


^ Fetches 2-byte worth of data into the instruction 
queue buffer when E becomes "L". 


5 


Waits for E to become "L", to read data. 


6 


Reads data in the odd addresses (Dl) alone into the data buffer when E becomes "L". 


7 


Waits for E to become "L", to read data. 


Q 
O 


Reads data in the even addresses (Dh) alone into the data buffer when E becomes "L". 


9 


Modifies data. 


Prefetches the instruction, because there are two 
vacant positions in the instruction queue buffer, 
and the CPU is not using the bus. 


1 u 


(Waits till the bus used by the bus interface 
unit becomes vacant.) 


Fetches 2 bytes worth of data into the instruction 
queue buffer, when E becomes "L". 


11 


Writes data into the data buffer. 


Waits till E becomes "L" to write data. 


12 


Fetches the next operation code. 


Writes the contents of the data buffer (Dl) into the 
original address (odd address), when E becomes 
"L". 


13 


? 


Waits till E becomes "L" to write data. 


14 


? 


Writes the contents of the data buffer (Dh) into the 
original address (even address), when E becomes 
"L". 



When internal ROM or BYTE terminal level "L" external memory is used as the program memory, the instruction is 
fetched into the instruction queue buffer normally in 2-byte (word) unit of sequential even and odd addresses in this 
order. However, when the instruction must be fetched from odd address like after execution of the JMP instruction, 
the 1 -byte of the first odd address alone is fetched into the instruction queue buffer {(^2 cycle), and the later instructions 
are fetched into the instruction queue buffer in 2-byte units ((jM, cycle). 

The bus interfacG unit automatically sGlGcts whGthGr to fGtch onG word or to fetch the 1 byte of odd address alone. 
The operation status can be observed from outside, according to the output of the BHE terminal and the address bus 
signal Ao, as long as the mode is not single chip mode. 

« When one word is fetched 

The output from both the BHE terminal and the address bus Ao are at the "L" level. 
• When 1 byte of odd address alone is fetched 

The output from the BHE terminal is "L", while the output from address bus Ao is "H". 
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Instruction Execution Sequence 



When internal RAM and external memory at BYTE terminal level "L" are used as the data memory, with data 
length selection flag m = 0, both data read and write are normally done in 2-byte units of even and odd 
addresses, in this sequence. However, access can also be done when the word data is defined from an odd 
address. In other words, "H" is output first from address bus Ao a nd th en "L" from the BHE terminal to access 
to odd address alone. Next, "L" is output from Ao, and "H" from the BHE terminal to access to the even address. 
((|)5 to (1)8, 011 to d^u cycle) 
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Instruction Execution Sequence 



(Example 1 -5) When external memory is accessed from the BYTE terminal using 
8-bit external bus width 



Conditions 

• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 



External memory is used 

"0" (16-bit length) 

"H" (External bus width is 8 bits) 



Contents of lower order bytes (PCl) of the program counter Even 
Contents of the operand (dd) Even 



based execution sequence 

1 2 3 4 5 



(J)CPU [ 



n 



JT 



n 



10 11 12 13 



Number of data in 
instruction queue 0= 
buffer i 

A23~Al6 

/ 



Fetches Op 
Code 



1->0 



Fetches 
Operand 



Modifies Writes 
Data Data 



FLTLTL 



Next 

Instruction 



1->0 



Modified Dl Modified Dh 



Op Code Cpeland (do) Next Op Code 

ZXI 



Al5~A8 

/ DATA(odd) A. 



X 



X 



DPFVi 



X 



X 



DPF^ 



A7~Ao ]^ 
BHE 



R/ W 
Cause for^PU to queue 



II )( 11+1 )( dd • X X~ "+2 )C dd X" X 

1 \ \ \ \ \ \ \ \ I \ I \ r 

\ \ I \ \ r 

r 



1 



Cause 1 



Cause 1 



Cause 3 



Cause 2 



M ► 

Cause 2 (Note) 



Note. At the < — > part 

* When the CPU does not use the bus, (|)cpu corresponds with ((). 

* When the CPU uses the bus, the (|)cpu queues till the writing in the bus interface unit completes, (the (t)i3 to (j)i4 
cycle) 
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Instruction Execution Sequence 



Operation of the CPU and bus interface unit under various cycles 



([) No. 


CPU 


Bus interface unit 


1 


(No fetching can be done, because there are 
no operation codes in the instruction queue 
buffer.) 


Fetches the instruction, because the instruction queue 
buffer is vacant and the CPU is not using the bus. 


2 


Fetches operation code. 


, Fetches 1 odd address byte worth of data into the in- 
struction queue buffer when E becomes "L". 


3 


(No fetching can be done, because there are 
no operands in the instruction queue buffer.) 


Fetches the instruction, because instruction queue 
buffer is vacant and the CPU is not using the bus. 


4 


Fetches operand (dd). 


^Fetches 1-byte worth of data into the instruction 
queue buffer when E becomes "L". 


5 


Waits for E to become "L", to read data. 


6 


Reads data (Dl) into the data buffer when E becomes "L". 


7 


Waits for E to become "L", to read data. 


8 


Reads data (Dh) alone into the data buffer when E becomes "L". 


9 


Modifies data. 


Prefetches the instruction, because there are two 
vacant positions in the instruction queue buffer, and 
the CPU is not using the bus. 


10 


(Waits till the bus used by the bus interface 
unit is vacant.) 


Fetches 1 byte worth of data into the instruction 
queue buffer when E becomes "L". 


11 


Writes data into the data buffer. 


Waits till E becomes "L" to write data. 


12 


Fetches the next operation code. 


Writes the contents of the data buffer (Dl) into the 
original address (odd address), when E becomes "L". 


13 


7 


Waits till E becomes "L" to write data. 


14 


? 


Writes the contents of the data buffer (Dh) into the 

original address (even address), when E becomes "L". 
• 



The external bus width becomes 8 bits when the "H" level is applied to the BYTE terminal. (The width of the internal 
bus is 16 bits, regardless of the level of the BYTE terminal.) When external ROM is used under this mode, the 
instruction can only be fetched byte by byte. {(^2, (t)4, cycle) When external RAM is used, the data can likewise 
only be handled byte by byte. Accordingly, when data length selection flag m = 0 is selected, it takes time worth 2 
cycles of the enable output E for data read and write. ((^5 to (^8, (|)ii to (^^4 cycle) 
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Instruction Execution Sequence 



(Example 1-6) When external memory is accessed with wait by the wait bit 
Conditions 



• Number of data in the instruction queue buffer 

• ROM, RAM 

• Data length selection flag m 

• BYTE terminal level 



Contents of the operand (dd) 



External memory is used 

"0" (16-bit length) 

"L" (External bus width is 1 6 bits) 



• Contents of lower order bytes (PCl) of the program counter Even 



Even 



(]) based execution sequence 



10 11 12 13 14 15 16 17 



Jl 



Fetches Op Code 



Number of data in 
instruction queue 0 
buffer 



Fetches Operand 

0 2 



n 



jui_rLrL 



Modifies Wntes Next 
Data Data Instruction 



A23~Al6 
/ DATA(even) 



Opcode 

foATAiodd) mm ^ OP2 X 

OpplarxJ(dd) 



00 



Next Op Code 

OP4 YT^^^r^ dh ) C 



DPRh 



A7~Ao ^])(] 



X 



11+2 



dd 



E 

BHE 



"L" 



R/W 

Cause for ({)CPU to queue 



Cause 1 



Cause 2 



Cause 3 



~ y Modified Di~X 
~) ( Modified Dh )^ 



Cause 2 (Note) 
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Instruction Execution Sequence 



Operation of the CPU and bus interface unit under various cycles 



(t)No. 


CPU 


Bus interface unit 


1 

o 


(No fetching can be done, because there are 
no operation codes in the instruction queue 
buffer.) 


Fetches the instruction, because instruction queue 
buffer is vacant and the CPU is not using the bus. 


o 
4 


Fetches the operation code . 


Fptrhp<5 P h\/tp«5 wnrth of data into the instruction 
queue buffer when E becomes "L". 


5 
6 


Fetches operand (dd). 


Prefetches the instruction because the instruction 
queue buffer is vacant and the CPU is not using the 
bus. 


7 
1 

8 


(Waits till the bus used by the bus interface 
unit becomes vacant.) 


Fetches 2 bytes worth of data into the instruction 
queue buffer when becomes "L". 


9 

in 


Waits till E becomes "L" to write data. 


11 

12 


Reads data when E becomes "L". 


13 


Modifies data. 




14 


Writes data into the data buffer. 




15 


Fetches the next operation code. 




16 


? 


Writes the contents of the data buffer into the original 
address (odd address), when E becomes "L". 



Note. At the < — > part 

* When the CPU does not use the bus, (t)cpu corresponds with ([). 

* When the CPU uses the bus, the (^cp\j extends till the writing in the bus interface unit completes, (the (j)i6 to 

(t)i7 cycle) 

The conditions are the same, except when wait is commanded by the wait bit (example 1-1). When accessing to 
the external memory, the cycle of enable output E becomes twice that for no-wait, and thus the (jxipu wait time 
also becomes twice the cycle. {<\>3 to (t)4, (j)? to (t)8, to (\)^2, (\^^6 to cycle) 



184 



Instruction Execution Sequence 



Example 2. LDA instruction / Direct indirect long addressing mode (DPRl = OOie) 



(t)cpu based CPU instruction execution sequence 



(j) CPU 



AP(CPU) ~ y PG ^ PG )(~0Q )^00oro7^00or01 ^ ADp ^ PG ^ 
AhAL(GPU) ~ y PC )^PC4-1 y DPRH.dd )(^^^rX^'^'^^^^X ^^""^ X ~ 



DATA(GPU) ") ("^;^^^ 



R / W(CPU) 



Note: All the signals are CPU internal signals, which cannot be observed from outside 
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Instruction Execution Sequence 



(Example 2-1 ) When the internal as well as the external memories are used together while wait 
is commanded by the wait bit. 

Conditions 

• Number of data in the instruction queue buffer 0 

• BankO 
Bank 1 and after 

• Data length selection flag m 

• BYTE terminal level 



Internal ROM, RAM are used 
External memory is used 
"0" (16-bit length) 
"L" (External bus width is 16 bits) 



• Contents of lower order bytes (PCl) of the program counter Even 

• Contents of the operand (dd) Even 

• Data indicated by the address ADl Even 

ADp 1 or more (bank 1 and after) 



(t) based execution sequence 

12 3 4 



10 11 12 13 14 



<})CPU 



Number of data in 
instruction queue 0 
buffer 

A23~Al6 — V 

/ DATA(even) ) 

Ai5~Aa — V 

/DATA(odd) ) 



n 



J~L 



Fetches Op 
Code 



2-»1 



Fetches 
Operand 



Reads Calculates Reads 
Data Address Data 



Reads 
Data 



A7~Ao ^ 

L 

E 

BiHE 



dd 



ADl 



"H" 



R/ W 

Cause for (j)CPU to queue 



J \ \ \ r 



Cause 1 



Cause 2 



Cause 3 



Cause 3 



Cause 3 



rL_r 



Next 

' Instruction 



( 00 


XaDpX 


ADp > 




X 





xz: 
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instruction Execution Sequence 



Operation of the CPU and bus interface unit under various cycles 



(t)No. 


CPU 


Bus interface unit 


1 


(No fGtching can be dons, because there are no 
operation codes in the instruction queue buffer.) 


Fptphp«j thp inQtriir*tinn hpr*aii<5P in^tniptinn niiPiiP 

1 Cll^lICO 11 IC II lOll 1, I^COCILIOC 1 1 lOll U^^IIUI 1 uucuc 

buffer is vacant and the CPU is not using the bus. 


2 


Fetches the operation code . 


^ 1 clOllcb ^ Uyicb WUllll Ul Udld IIUU lllc II Ibli UOllUll 

queue buffer when E becomes "L". 


3 


Fetches operand (dd). 


Prefetches the instruction because the instruction 
queue buffer is vacant and the CPU is not using the 
bus. 


4 


(Waits till the bus used by the bus interface unit 
becomes vacant.) 


Fetches 2 bytes worth of data into the instruction 
queue buffer when E becomes "L". 


5 


Waits for E to becomes "L", to read data (ADh ADl) indicated by the address obtained by adding the 
contents of the operand (dd) and the DPRl. 


6 


Reads data when E becomes "L". 


7 




Calculated address. 


8 


Waits for E to become "L", to read data (ADp). 


9 


Reads data when E becomes "L". 


10 
11 


Waits for E to become "L", to read the data (Dh Dl) at the address specified by ADp ADh ADl. 


12 
13 


Reads data when E becomes "L". 



The above is the case when bank 1 and after are used by the external memory under the memory expansion mode. 
The currently executed program is in bank 0. The contents of the lower order bytes of the direct page register DPRl 
is "00i6", so the direct pages are all in bank 0. The access to the outside ((|)io to (^^3 cycle) alone is affected by the 
wait bit, and access to the internal memory is not affected by the bit. 
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APPENDIX A 

CPU Instruction Execution Sequence for each Addressing Mode 



APPENDIX A. CPU Instruction Execution Sequence for each Addressing Mode 

The following are the CPU instruction execution sequences for each addressing mode. The exe- 
cution sequences shown here describe the internal operation of the CPU. Therefore, the signals 
are all CPU internal signals, and cannot be observed from outside. The CPU internal operation, 
the actual execution time, and the relation between signals that can be externally checked are 
described in Chapter 6 "Instruction Execution Sequence". 



The following are the signals and the symbols indicating the contents. 



Symbol 


Description 


(j)CPU 


CPU basic cycle 


AP(cpu) 

AhAL(Cpu) 
PG 
PC 


Higher order 8 bits of the CPU internal address bus. 
Lower order 16 bits of the CPU internal address bus. 
Contents of the program bank register. 
Contents of the program counter. 

Others are data that indicates the address obtained as result of address calculation. 


DATA(CPU) 


The CPU internal data bus. The signal is output with a half-cycle delay from the CPU 
internal address bus. The operation codes and the operands are fetched from the in- 
struction buffer. They are not directly fetched from the memory indicated by the PG 
and PC of this cycle. 


R/W(cpu) 


Becomes "L" when the CPU writes data into the data buffer of the bus interface unit. 



The accumulator used in the above instructions in the CPU instruction execution sequence is 
accumulator A. When accumulator B is used, the execution cycle will have the two cycles of 
a "42i6" that indicates accumulator B, and an internal processing cycle added at the front. 
(See the figure in the next page.) 

The number of (jx^pu cycles differs in the addressing mode that uses the direct page register, 
according to whether the lower order 8 bits (DPRl) are "OOie". The number of cycles when 
DPRl = 00i6 is 1 cycle (address calculation cycle) less than when DPRl OOie. 

The number of cycles differs in the PSH and PUL instructions according to the number and 
type of registers placed in (taken out of) the stack. 

The number of cycles differs in the block transmission instruction (MVN, MVP), according to 
the number of the data transmitted. 
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APPENDIX A 

CPU Instruction Execution Sequence for eacii Addressing Mode 



Variation of the execution cycles according to the accumulator used 
ADC Instruction / Immediate addressing mode == 



«When accumulator A Is used» 

Mnemonic : ADC A,#1234H Machine code : 69i6 34i6 12i6 



(|) CPU I" 



Ap (CPU) ~ X PQ X X~^^ X " 



AhAl(cpu) PC X P^^^ )(~pc^3 X 



DATA (CPU) 



69i6 ^ 1234i6 
Op Code Operand 



«When accumulator B Is used» 

Mnemonic : ADC B,#1234H Machine code : 42i6 69i6 34i6 12i6 



-2-cycle- 



(|) CPU 



Ap (CPU) " X PG X X X~^^ X " 



PG 



Ah Al (CPU) PC ^ PG+1 X P^^+i X ^^"^^ X"^^"""^ 

~ X "^^^^ ^ NotUsed^ 69i6 X^234i6 X 



DATA (CPU) 



Op Code 



; Op Code Operand 



J/ 
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Implied 



Instruction :CLC. CLI. CLM, CLV, DEX, DEY, INX, INY, NOP. 

SEC, SEI, SEM, TAD, TAS, TAX, TAY, TDA, TSA, 

TSX, TXA, TXS, TXY, TYA, TYX 

Timing : 



AhAl(cpu) 



DATA(cpui 



GDGDGDC 

y op code ^ NO, used ^^^^ 



"H" 



R/W(c 



Instruction : TBD, TBS, TBX, TBY, TDB, TSD, TXB, TYB 
Timing : 



Ap(cpu) 

AhAl(cpi 

DATA{cPu 
R/W(cpu) 



) ^ Op C^dT^ Not us^T^ Op CodT^ Not used ^ Qp^'cod]^ 
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Implied 



Instruction XAB 
Timing : 



Al(cpu) ^ PC PC+ 1 PC+ 1 



PG 



PC+2 



DATA(c 



R/W(c 



^^^p Code Not used ^ Op Code^^ Not useT^^ Not used "^^^ ^ Op^ Code^ 



"H"- 



Instruction : S T P , WIT 
Timing : 



AhAl(c 



DATA(cPu) 



CDGIX 



PC+ 1 



^^Op Code Not used 



"H" 



R/W(c 
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Implied 



Instruction : R T S 
Timing : 



Ap(cpu) 



AhAl(c 



DATA(cPu) 



PG 



PC+ 1 



XZXZ)C 



"H"' 



R/W(c 



Instruction :RTL 
Timing : 



DATA(cPu) 
R/W(cpu) ^ 



Op Code Not used Not used^^ AhAl "^^^ Op^Code ^ 



Ap(cPu) ^ PG 
AhAlcpu) ^ PC 
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Implied 



Instruction : R T I 
Timing : 



CEI X X °° 

^"^^^ ^ X ^^^^ X X ^ X"^^^ ^C^^"^^0^ 

DATA.cPu ^Op Code ^ Not used ^ Not used^ ps^PS, ^Not used^ pChPC, ^ Not used^ PG ^ Qp^'code^ 

(Stack) (Stack) (Stack) 
"H"- — 

R/W.cPu- 
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Implied 



Instruction : BRK 
Timing : 



< " X 




PG 






X 


00 




" X 


PC+ 1 


X-'X 


X 


FFFC 


X ^ 





DATA(cPui ^^^p Code Operand^ Not used ^ Not useT^ Not used ^ Not used^^Tjot used ^ PG ^ Not used^ 



r 



(HXEX 



y PC )(Notused)( PS X''°'"''''X""°"^°- X Opcode^ 
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Immediate 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



m=0 



Ap(cpu) 



AhAl(cpu) 



DATA{cPu) 



R/W(c 



CzIX]EiX^5EiXI 

r • — 

When m=1, fetched operand at 2-nd cycle is 1-byte(nn) 



Instruction :LDX, LDY, CPX, CPY 
Timing : 



Ap(c 



AhAl(cpu) 



DATA(cPu) 



\/ ^ ^ \/ Operand \/ Next \ 
A ' A ^opcode/ 



"H"- 



When x=1, fetched operand at 2-nd cycle is 1-byte(nn) 
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Immediate 



Instruction :.LDT 



Timing : 



0CPU 

Ap(cpu) 
AhAl(cpu) 

DATA(cpu) 

— "H 
R/W(cPu) 



PG 



PC+2 



Instruction : R L A 



Timing : 



AhAl(cpu) 
DATA(cPu) 
R/W(cpu) 



^ PC X X ^^^^ X " 



PC+2 



^^^^^X^QP^°^^ X ^""^^ ') (^^r^mnT Y ^^^^^^^^ Not used^ NoUise^y^g^ 
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Immediate 



Instruction : S E P 



Timing : 



AhAl(c 



A 





PG 


X - 






PC+ 1 


X , 



DATA(cpu 



Instruction : C L P 



Timing : 



Ap(cpu) 



AhAl(cpu) 



;~x 


PG 


X 






PC, X 





DATA(cPu 



R/W(c 



"H" 
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Immediate 



Instruction : D I V, MP Y 
Timing : 



0CPU 
Ap{cpu) 



PC+2 



DATA(cPu) ^^^Code^^N^t used Code^ Operand ^Not used^^^ot u sed 



R/W(cpu) 



— (Note)- 



I 



I I 



PG 



PC+2 



X2DC 
X 



PC+3 



Not used ""y ^Not used 



XI 

XNext \ 
Op Code / 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Accumulator 

Instruction : AS L, DEC, INC, LSR, ROL, ROR 

I 

Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



^ Op CodT^ Not used ^ Op code^ 
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Direct 

Instruction : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 
ORA, SBC 

Timing : 



DPRu#= 0 



Ap(cpu) 



AhAl(cpu) 



^ PC ^ PC+ 1 DPR+dd^ PC+ 



DATA(cPu) 
R/W(cpu) ^ ' 



When DPRl=0, this cycle is nothing 



Instruction : LDM 



Timing 



DPRu#= 0 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



^ PC ^ PC+1 ^ PC+2 ^ > ^DPR+dd^ PC+4 ^ 



R/W(c 



"H"- 



When DPRl=0, this cycle is nothing 
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Direct 



Instruction : ST A, STX, STY 
Timing : 



DPRl=^ 0 



Ap(cpu) 



DATA(cpu) 



DPR+dd 



xz>c 



Y Op Code Y Operand V Not used Y Not used X A X ^^^^ \ 



When DPRl=0, this cycle is nothing 



Instruction :ASL, DEC, INC, LSR, ROL, ROR 



Timing 



DPRl#= 0 



Ap(c 



AhAl(cpu) 



DPR+dd 



DATA(cPu) 



R/W(c 



*'H" . , 



When DPRl=0, this cycle is nothing 
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Direct 



Instruction : D I V, MPY 



Timing : 



DPRl=# 0 



I I 



Ap(cpu) 



00 or 01 



^"^'■^'"'''^ ^ X ^^'^^ X ^^'^^ X ^^"^^ DPR+dd 

DATA(cPu) ^ Op Code ^ Not used y^O^Code X^dd^"^ "^^^ X^"^*- X "^^^ 



R/W(f 



When DPRl=0, this cycle is nothing. 



-(Note)- 



I I 



r 



00 or 01 



DPR+dd 



XZXI 



Not u sed X^TilllTX Not usedX pp Code ) 



MPY instruction is 12-cycle, and DiV instruction is 23-cycle. 
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Direct Bit 



Instruction : C L B , S E B 



Timing : 



DPRl=#0, m=0 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu) 



^ PC ^ "^^^^ ^ ^^'^^ ^ • 



00 or 01 



DPR+dd 



XDC 
XECC 



_ "H" 

R/W(cpu) 



^ 

When DPRu=0, this cycle is nothing. 
When m=1, fetched operand at 3-rd cycle is 1-byte(nn). 



203 



Direct Indexed X 



Instruction : ADC, AND, CMP, EOR, LDA, LDY, ORA, SBC 



Timing : 



DPRl+ 0 



^CPU 



AhAl(c 



DATA(cPu 



^ PG ^ PG ^ ^^^00^^^^^^ PG 

^ PC ^ pc+1 X ^l^!^j^C.!!ll-X— 



R/W(c 



"H" 



When DPRl=0, this cycle is nothing 



Instruction : LDM 



Timing : 



DPRl=#0 



Ap(cpu) 



AhAl(c 



DATA(cPu) 



R/W(c 



^ PG ^ PG ^ PG 00 ^ 00 or 01 ^00. 01 or PG ^"^^ 

^ PC PC+ ^"^^ PC+T"^^ ^ ^ DPR+dd ^^PR+dd+^^ PC+ 4 

y0pC0deY°P--^ Y°P--^YNo,usedYNo,used Y V \ 

A A A A A A A°pc°^^/ 



When DPRu=0, this cycle is nothing 
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Direct Indexed X 



Instruction : ST A, STY 



Timing : 



DPRl+ 0 



0CPU 



AhAl(cpu) 



PC+1 



X 



DPR+dd+X 



DATA(cPu) 



^ op code ^operand Not used ^No, used ^ A ^ ^^^^^^^ ^ 



"H" 



R/W(c 



When DPRu=0, this cycle is nothing 



Instruction : ASL, DEC, INC, LSR, ROL, ROR 



Timing : 



DPRl=^ 0 



Ap(cpu; 



DATA(cpu) 



R/W(c 



GiX 



PC+ 1 



X 



DPR+dd+X 



^ op code ^°PJ^^ ) ^^^^;TI7^ Not used y D„D, )^Nc. used ^New PhD, ^ ^^^^^^^^ N » 



When DPRl=0, this cycle is nothing 
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Direct Indexed X 



Instruction : D I V, MP Y 
Timing : 



DPRl#= 0 



; PG X P° 


X - 


X - 


X » : 


>( OOorOI )( 


00, 01 or 02 




^ PC ^ PC+1 


^ PC+1 


X 


PC+2 


X 


DPR+dd+X 



DATA(cpu) ^OpC^dT^NotusJd^OpCodr^QP^'^^"^ ^Notused^Notused^ DhDl ^ Not used 



R/W(cpu) 



When DPRl=0, this cycle is nothing 



■ -(Note)- 



00 or 01 



" ~ DPR+dd ^ PC+3 ^ 

Not used ^Notused^ Not used Op^Code^ 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 



206 



Direct Indexed Y 



Instruction : LDX 



Timing 



DPRl#= 0 



^ PC ^ PC+I ^PR+dd+'^^"Tc+2 



DATA(cPu) 



R/W(cPu) 



"H"- 



When DPRl=0, this cycle is nothing 



Instruction : S T X 



Timing 



DPRl#= 0 



Ap(c 



AhAl(cpu) 



^ PG ^ PG ^ 00 ^ 00 or 01 



GDC 



PC+l 



X 



00, 01 or 02 



DPR+dd+Y 



XEDC 



DATA(cpu) 



R/W(c 



"H"^ ■ , , 



When DPRl=0, this cycle is nothing 
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Direct Indirect 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 

DPRl+ 0 



Ap(cpu) 



AhAlcc 



DATA(cPu) 



R/W(cpu) 



^ PC ^ PC+1 ^^DPR+dd^^ ADhAdT^ PC+2~^ 



When DPRu=0, this cycle is nothing 



Instruction : S T A 



Timing : 



DPRl+ 0 



Ap(cpu 



AhAl(c 



xzx: 



DATA(cPu) 

"H" 



=u ^ PC ^ PC+ 1 DPR+dd"^ ADhADl ^^^^ ^ 



R/W 



(CPU) 



When DPRl=0, this cycle is nothing 
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Direct Indirect 



Instruction : D I V, MPY 
Timing : 



DPRl=# 0 



Ap(cpu) ^ PG ^ PG ^ PG ^ PG 00 ""^ 00 or 01 ^ DT 



^"^'■^''''''^ ^ X ^^"^^ X ^^"^^ X ^^"^^ ^DPR+dd^ ADhADl 

DATA(cPu) ^ Op Code ^ Not used ^ Op Code X^P^''^^"^X'^"^^^X^^"^^'-X ^"^^ ^"^^ 



R/W(c 



When DPRl=0, this cycle is nothing 



(Note)- 

• 1 
I 

I I 



xzx: 

XEEXZ 



Not uIITXNTiilldX Not used'X og Code) 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 



Direct Indexed X Indirect 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 



Timing : 



DPRl+ 0 



Ap(cpu) 



AhAl(c 



DATA(cPu) 



GDC 



PC4- 1 



R/W(cpu) 



"H"" 



^ > 

When DPRl=0, this cycle is nothing 



Instruction : STA 



Timing 



DPRl=^ 0 



Ap(cpu) 



AhAl(c 



DATA(cpu) 



R/W(cpu) 



DT 



When DPRl=0, this cycle is nothing 
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Direct Indexed X Indirect 



Instruction : D I V, MPY 
Timing : 



DPRu* 0 



Ap(cpu) 



^ PG ^ PG PG ""^ PG ^ 00 ^ 00 or 01 ^^oToi or DT 

AhAucpu) < PC X^^+^^^+^X" XI^TTX 



DATA(cPu) ^ Op Code X^Jotused^^p CodeX^Pg^^"dX"Not used ^ Not used ^ ADhADl ^ DhDl ^ Not used 



R/W(c 



"H" ■ 



When DPRl=0, this cycle is nothing 



(Note)- 

1 

I 



XEEX 



Not used 


^Not used ^ 


/ Not used ^ 


/ Next V 
\ Op Code 





(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 
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Direct Indirect Indexed Y 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



DPRl+ 0(7)t $ 



Ap(cpu) 



^ PG ^ PG ^ 00 ^ 00 or 01 ^ DT or DT+ 1^ PG ^ 

" ^ADhADl+Y^ PC+2 ^ 



AhAl(cpu) ^ PC ^ 



X 



DPR+dd 



DATA(cPu) 

_ "H" 
R/W(cpu) 



When DPRl=0, this cycle is nothing 



Instruction : STA 



Timing 



DPRl=^ O 



Ap(cpu) 



AhAl(cpu) 



PC+ 1 



X 



DPR+dd 



X 



DT or DT+ 1 



ADhADl+Y 



xzx: 

XEDC 



DATA(cpu) 



R/W(c 



"H" — — , , 



When DPRl=0, this cycle is nothing 
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Direct Indirect indexed Y 



Instruction : D I V, MP Y 



Timing 



DPRl=# 0 



AhAl(cpu) ^ PC X ^ X ^^"^ ^ X ^^"^ ^ X" DPR+dd X" ADhAPl+Y ' 



DATA(cPu) ^Op C^dT^ Not u^^d^Op Co'dT^ ^'^dd"^^ useT^ ADhAdTXno^ used^ DhDl "X "^^^ 



R/W(c 



When DPRl=0, this cycle is nothing 



(Note) - 



I I 



:)CEX 
xiEix: 



Not used X^Qt used y Not used y ggcol) 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 
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Direct Indirect Long 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



DPRl=# 0 



Ap(cpu) 
AhAl(cpu) 

DATA{cPu) 
R/W(cpu) ' 



^ ^ ^ ^ DPR+dd ^^PR+dd+ 2^^TdhADl PC+ 2 



^ Op code y y^^I^I^ ADhAD. ^ Not used ^ aD. PhD. ^(^^0^ 



When DPRl=0, this cycle is nothing. 



Instruction : S TA 



Timing 



DPRl=# 0 



<*(CPU) 



AhAl(cpu) 



DATA(cpu) 



ADp 



xzx: 



^ PC ^ PC+1 DPR+dd ADhADl ^ PC+ 2 ^ 



When DPRl=0, this cycle is nothing 
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Direct Indirect Long 



Instruction : D I V, MP Y 
Timing : 



DPRl+ 0 



Ap(cpu) ^ PG ^ PG ^ PG PG X^°° ^^^or01 ^ OOoroT^ OOor^iT^ 

AhAucpu) ( PC y^PC^^ X"^^"^"^^ ^^^^ X DPR+dd 

DATA(cPu) ^ Op C^dT^ Not u^Id^Op CodT^ ^"^dd^"^^ use"d^ ADhAdT^ Not used^ ADp ^ 



R/W(c 



When DPRl=0, this cycle is nothing 



-(Note) - 



r 



<: 



ADhADl 



xzxz 



( PhD. X Not used X''°'"'^''X^^^°^^^^^ Opcode) 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 
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Direct Indirect Long Indexed Y 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



DPRl* 0 



( X^^^~X '° ^00or0l)(o0or01^^"oo^^0^ ADp Y^q^^q^^ PG 

^ PC PC4-1 



X 



X 



XEE^GEXI 



"H". 



When DPRl=0, this cycle is nothing. 



Instruction : S T A 



Timing : 



^ PG ^ PG ^ 00 or 01 or 01 or 01 TdT^^ ADp or ADp+ 1 PG 



GX 



X 



X 



X 



X^ 



When DPRl=0, this cycle is nothing 
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Direct Indirect Long Indexed Y 



Instruction : D I V, MPY 
Timing : 



DPRl+ 0 



Ap(cpu) PG X X X X X °^ X °^ °^ X °° °^ X ^^"^ y 

PC X X ^^^^ X ^^^^ X 



AhAl( 



DPR+dd 



X 



DPR+dd+ 2 



> 



DATA(cPu) X^p"^"^^ X^^ "^^^ X'^^^tTd^"'^ X*^"^ "^^^ X ^^^^^^ X "^^'^ X X ^^^^ 



C 



When DPRl=0, this cycle is nothing 



-(Note) - 



ADp or ADp-|- 1 



ADhADl+Y 



XEIDC 



X ^"^^ X "sed XNQt used"^ Not used^ gext^^^^ 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 
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Absolute 



Instruction : ADC, AND, CMP, CPX, CPY, EOR, LDA, LDX, LDY, 
ORA, SBC 

Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



R/W(c 



(Z)GD(ZXZX: 

^ PC ^ PC+ 1 ^ hhii PC+T^^ 



Instruction : LDM 
Timing : 



0CPU 



Ap(cpu) 

AhAl(cpu) 

DATA(cPu) 
R/W(cpu) 



CEXJD(ZXZXZ)C 

/\ /\ hhll /\ mmnn /\ AOpCode / 
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Absolute 



Instruction : STA, STX, STY 
Timing : 



Ap(cpu) 

AhAl(cpu) 

DATA(cpu 
R/W(cpu) 



GDGD( 



DT 



xzx: 



Instruction : ASL, DEC, INC, LSR, ROL, ROR 
Timing : 



Ap(cpu) 



AhAl(c 



DATA(cpu) 



CZXEEX 



DT 



R/W(c 



"H"- 



Absolute 



Instruction : D I V, MPY 



Timing : 



AhAl(cpu) ^ PC X ^^"^^ X ^^"^^ X ^^'^^ X " 



I I 



DATA(cPu) X^P CQde"^ Not used )( Op C°de ^^P^^^^^^ DhpT^ Not u~ 



R/W(c 



"H"- 



-(Note)- 



X 



PC4-4 



Not u sed X "^ed Y^i^^^Z^^ gext^^^^ ^ 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 



220 



Absolute 



Instruction : J MP 
Timing : 



0CPU 



Ap(cpu) 



AhAl(c 



DATA(cpu) 

_ "H"' 
R/W(cpu) 



J) ^ ^ ^^"^^ ^ ^ 

V/ ^ o . V Operand W Next \ 
y \ Op Code ^ ^ Qp Code / 



Instruction : J S R 
Timing : 



Ap(cpu) 

AhAl(cpu) 

DATA(cpu) 
R/W(cpu) 



GDC 



PC+ 1 



xzxzx: 

XD3GDC 



Absolute Bit 



Instruction : C L B , S E B 



Timing : 



m= 0 



Ap(c 



AhAl(( 



DATA(cPu) 



^ PC ^ PC+1 ^ PC+3 



XEDC 



"H" 



When m=1, fetched operand at 3-rd cycle is 1-byte(nn) 
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Absolute Indexed X 



Instruction :ADC, AND, CMP, EOR, LDA, LDY, ORA, SBC 

I 

1 

Timing : 



Ap(c 



AhAl(c 



DATA(cpu) 
R/W(cpu) 



^ PC ^ pc+1 ^ hhii+x"^ pc+3"^ 

~ ^ op code p.p. ^opl,,^ 



Instruction : L D M 
Timing : 



AhAl(cpu) 



^ PC ^ PC+3 ^ hhll+X ^^~pc+5 



DATA{cPu) 



R/W(c 



"H" 1 1 
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Absolute Indexed X 



Instruction : ASL, DEC, INC, LSR, ROL, ROR 



Timing : 



Ap(cpu> 



DT or DT+ 1 



^hAucpu ^ PC 



PC+1 



X 



hhll+X 



DATA(cpu 



R/W,c 
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Absolute Indexed X 
Absolute Indexed Y 



Instruction : D I V, MPY 
Timing : 



Ap(c 



^ PG ^ PG PG PG DT ^ DT or DT+ 1 



AhAucpu) ( PC X"PC+1 yy^^^^^ X " 



hhll+X(Y) 



DATA(CPU) XopC(^dirXNotuseT^QpCod^XQP^|;^^^"^'XNotused^ DhDl ^ Not used 



(Note) ^ 

"'i- ^-nj ~i_r 

_ No t used ){Not used )( Not usI7)(gg"^^^3) 



(Note) MPY instruction is 12-cyGle, and DIV instruction is 23-cycle. 
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Absolute Indexed X 
Absolute Indexed Y 



Instruction : s T A 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu) 



DT or DT+ 1 



PC+1 



X 



hhll-fX(Y) 



xzx: 

XEDC 



X Op Code X ^^^""^"^ y Not used V Not used Y A X ^^^^ > 



R/W(c 



"H" 
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Absolute Indexed Y 



Instruction : ADC, AND, CMP, EOR, LDA, LDX, ORA, SBC 
Timing : 



Ap(cpu) 



AhAl(cpu) 



^ PG ^ PG ^ DT ^^orDT+^^^ 7g 

^ PC ^ PC+1 ^ hhll+Y ^ PC+3 ^ 



DATA(cpu) 



R/W(c 



"H" — 
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Absolute Long 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 



Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu 



CEXzxzxzxzx: 

Xy \/ Operand \/ Operand \/ \/Next \ 

• ^ opcode^ ^ /^opcode / 



R/W(CPU) 



"H" 



Instruction : STA 



Timing : 



Ap(cpu) 



AhAl(cpu) 



(ZXZXZX 



)CE3C 



R/W(c 



"H"- 
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Absolute Long 



Instruction : D I V, MP Y 



Timing : 



Ap(cPu) ^ PG ^ PG PG ^ PG ^ PG ^ 



DATA^cPu) ~ yOpCode)(NotusedXopCode"XQP^,^,^,"d)(Q^^ PhD. X ^ 



R/W(c 



(Note)- 

1 



XiEXI 



N ot used )( Not used )(Not used )( ^^^^^^ ) 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 



229 



Absolute Long 



Instruction : J MP 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu 



R/W(cpu) 



CZXZXZXZ>C 

V opcode Y Y \ 

* /\ /\ hhll /\ pp /\ Op Code y 



Instruction : J SR 
Timing : 



^CPU 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



^ PC ^ ^^"^^ ^ ^^^^ 



00 
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Absolute Long Indexed X 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



"^CPU 



Ap(cpu) 



L CPU) ^ PC ^ PC+ 1 ^ PC+ 3 ^ hhll+X ^ PC+ 4 



DATA(cPu) 



R/W(c 



"H"- 



Instruction : S T A 



Timing : 



Ap(c 



pp or ppH- 1 



Alcpu ^ PC ^ PC+1 



PC+3 



X 



hhll+X 



)CE)C 
XEDC 



R/W(c 



"H" - 



231 



Absolute Long Indexed X 



Instruction : D I V, MPY 
Timing : 



AhAl(cpu) ^ PC ^ PC+1 X~^^"^^ )^^+2 ^ PC+4 



hhll+X 



DATA(cPu) ) ^OpCode"^NotusedyOpCode^^P^^^^,^"d^ DhDl )(" Not use d 



R/W(c 



(Note)- 

"i.n 



Not used X'^°^ ^^^^ X "^^'^X ' 



Next 

Op Code 



(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle. 
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Absolute Indirect 



Instruction : J MP 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



R/W(c 



^ PC ^ PC+1 ^ hhll ADhADl^^ 



233 



Absolute Indirect Long 



Instruction : J MP 



Timing 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



R/W(cpu) 



^ ^ PG ^ PG or PG+^G or PG+^ ADp 

^ PC ^ PC+ 1 ^ hhll ^ hhll+ 2 ^ ADhADl ^ 
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Absolute Indexed X Indirect 



Instruction : J MP 



Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu) 



R/W(c 



"H" 



Instruction : J SR 



Timing : 



Ap(cpu) 



AhAl(CPU; 



DATA{cPu) 



^ PG ^ PG ^ PG ^GorPG+^ ^ ^ 
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stack 



Instruction : P E A 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu 



R/W(cpu) " ■ 



' opcode ^"^^^"-^^ NO. used y mmnn )(^^|^^^ 



Instruction : P E I 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu) 

"H' 







V 00 or 01 V OC 


X 






PC+1 


^ DPR+nn^^ S- 





R/W( 



CPU) 



236 



( 



stack 



! 



Instruction : P E R 



Timing 



Ap(cpu) 

AhAl{cpu) 

DATA(cpu) 
R/W(cpu) 



G3( 



PC+1 



xzxzyz 



X op Code X ^^^^^^^ Y Not used V Not used V PC+mmnn X ^^^^ ? 



Instruction : PHA, PHD, PHP, PHX, PHY 
Timing : 



Ap(cpu) 



Al(cpu) ^ PC 



PG 



PC+ 1 



DATA(cPu 



R/W(cpu) 



- ) ( op code ^ Not used YJ^II^?^ A ^ ^^^^^^^^ ^ 
"H" , , 



237 



stack 



Instruction : PHB 



Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cPu) 



PC+2 



Op Code Not used^^ Op Code^^Tiot used Not used B Op^Code ^ 



R/W(c 



"H"- 



Instructlon : PHG, PHT 
Timing : 



Ap(cpu) 
AhAl(cpu) 

DATA(cpu) 
R/W(cpu) 



GDGDGDGDC 
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stack 

Instruction :PLA, PLD, PLX, PLY 



Timing : 



Ap(cpu) 



AhAlcc 



GX 



PC+ 1 



XEDGEXI 



DATA(cpu 



) ^ Op Code"^ Not used ^ Not used D^D, codT^ 



R/W(cpu) 



"H"- 



Instruction : P L B 
Timing : 



Ap(cpu) 
AhAl(cpu) 

DATA(cPu) 
R/W(cpu) 



PC ^ PC+ 1 PC+ 1 



PC4-2 



XZXDC 



^^Op Code Not used ^ Op Code^^ Not used"^^~Not used DhDl ^ pp^Code ^ 
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stack 



Instruction : P L P 
Timing : 



Ap(cpu) 



AhAl(cpu) 



DATA(cpu) 



GDC 



PC+1 



X 
X 



s+i 



xzx: 
XEx: 



y op Cod?^ Not used y Not used ^^DhD. ^ Not useT^ ^^'^^^^ ^ 



R/W(c 



"H"- 



Instruction : P L T 
Timing : 



Ap(c 



AhAl(cpu) 





PG 






< " ; 






PC+1 


X - 




)^ PC+1 ^ 



DATA(cPu) ^ Op C^^7^ Not used ^Not usTT^ D, ^ Not useT^ orCode^ 



R/W(cpu) ^ 



240 



stack 



Instruction : P S H 



Timing 



X 



X 



^ ^oTcode^QP^^^^^^Not used^Not use(7^Not used^ a ^Not used^Not used^^ B ^ 



X 



X 



X 



^Not used^Not used^ x ^Not used^Not used^ y ^Not used^Not used^ 



DPR X Not used 



1 



PS 



X 



< X X X " 

^ DT ^^^t used PG 



y No.used)c;;7i;7)( ps /"opcode) 



(Note) This figure is an example pushed all the registers 
by PSH instruction If any register is not pushed, 
Its cycle (-^) IS nothing. 
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stack 



Instruction : P U L 



Timing 



X 



^^Op"code^^^^^^^"^^^Not used^^Not used^^Tjot used^^Not used^^ ps used^^ot used^/^ used 



( °° X X °° X °° ^ 

^ S+3 ^ S+3 ^ ^ "X 0^ ^^^~X ^^^"^ S+8~^ 

DT ^^ot used^Not used^ dpr ^Not used^Not used"^ Not used^ Y ""^Not used^ Not used 



00 



X 



X 



00 



X 



^ S+8 ^ S+9 ^ S+10 ^ S+10 ^ S+n ^ S+12 ^ S+12 ^ S+13 ^ S+]4 ^ 



PC+2 



x: 
x: 



X ^^Nl^ used ^ Not used ^ B ^Not used ^ Not used^ A ^ Not u^Id^ Not usTd^ Qp^^.^^ 



(Note) This figure is an example pulled all the registers 
by PUL instruction If some register is not pulled, 
its cycle (^) is nothing. 
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Relative 



I 



Instruction :BRA 
Timing : 



Ap(cpu) 



AhAl(cpu) 





PG ^ 


PG 


YpG or PG+ 1 






PC+1 




X . 



DATA(c 



"H" 



Instruction :BCC, BCS, BEQ, BMI, BNE, BPL, BVC, BVS 
Timing : 



Ap(cpu) < 


(~X 


PG 


X - 


^^G or PG+ 












AhAl(cpu) ^ 


( ''X 


PC+ 1 




X ' 



DATA(c 



^Op Code \^ Operand ^ ^^^^ ^ used^^ Not used ^^Tlot used 



Next 

Op Code 



When not branch, this cycle is nothing 
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Direct Bit Relative 



Instruction : BBC, BBS 



Timing : 



DPRl#= 0 , m= 0 , Branched 



When DPRl=0, this cycle is nothing. 



When not branch, this cycle is nothing 



When nn=1, fetched operand at 5-th cycle is 1-byte(nn). 
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Absoiyte Bit Relative 



Instruction : B B C , BBS 
Timing : 



m= 0 , Branched 



Ap(ci 



AhAuc 



(ZXEXZXEX 

^ PC ^ PC+1 hhll ^ PC+3""^ ^ 



When not branch, this cycle is nothing 



When m=1, fetched operand at 4-th cycle is 1-byte(nn) 
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stack Pointer Relative 



Instruction : ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



Ap(cpu) 

AhAl(cpu) 

DATA(cPu 
R/W(cpu) 



^ PG ^ PG 00 00 or 01 ^ PG 

^ PC ^ PC+1 ^ S+rr 



instruction : S T A 
Timing : 



Ap(cpu) 
AhAl(cpu) 

DATA(cPu 

- "H" 
R/W(cpu 





( -X 


"X 


00 or 01 








^ PC+1 


X 


S+rr 


X 
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stack Poiiiteir Relatave 

Instruction : D I V, MP Y 
Timing : 



^CPU 

Ap(cpu) 



00 or 01 



^''^'^''''''^ ^ X ^^^^ X ^^^^ X ^'^^^ ^^^^ 

DATA(cPu) X^*^"^^ X'^^ "^^^ X^^ ^^perand ^ ,^0^ ^ged X DhDl X "^^"^ 



- - (Note) 
■ "I 
I 



XZ3C 
XEEXZ 



_ used Not used 



(Note) MPY instruction is 12-Gycle, and DIV instruction is 23-cycle 
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stack Pointer Relative Indirect Indexed Y 



Instruction :ADC, AND, CMP, EOR, LDA, ORA, SBC 
Timing : 



Ap(cpu) 
AhAl(cpu) 

DATA(cPu) 
R/W(cpu) 



X 



^^OPOO^^ "-^ ) ("^^^^ Not used ^ )(g|Le) 



Instruction : STA 



Timing : 



Apccpi 



AhAl(cpu) 



DT or DT4- 1 



xzx: 



PC+ 1 



DATA(cPu) 



R/W(c 



"H" ■ , r 
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stack Poioter Relative Indirect iodexedi Y 



Instruction : D I V, MPY 
Timing : 



Ap(cpu) ^ PG ^ PG ^ PG ^ PG 00 or 01 DT ^ DT or DT+ 1 

AhAlccpu) ^ PC ^ PC+1 )^PC4t1 PC+2 ^ S+rr 



ADhADl +Y 



DATA(cpu' ^Op CodT^Not used^Op Cod^Qpe^|:and^ Not used^ ADHADLyNot used^ DhDl ^ Not used 



R/W(cpu) 



"H"- 



(Note) H 

::::zzzzxEDc: 

^ Not us^T ^Not used)(Not used^ Next^^^^> ^ 
(Note) MPY instruction is 12-cycle, and DIV instruction is 23-cycle 
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Block Transfer 



Instruction : MVN 



Timing 



Repeat this cycle 



AhAl(c 



^ PC ^ PC+1 ^ 



X 



Source Bank ss 



3 



CPU, ^Op Code^^ ^^Not used^^ ^^Not used^^Tjot used^Not used^^ p^p, ^^ot used^^^vJoTu sed 



(Target Bank) 



(Source Bank) 



^ Target Bank dd ^ pp ^ 

No t used ^^PhD. )(Not used^Not used )(og code) 



(Note) This figure is shown that transfered the 2-bytes data started from even 
address If transfered more than 3-bytes data, the cycle (♦-♦) is repeated 
each 2-bytes 
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Block Transfer 



Instruction : MVP 



Timing 



Repeat this cycle 



AhAl(cpu) ^ PC X X" ^ X ^"^^^ X " 



X 



X 
X 



Source Bank ss 



} 



DATA(cpu) X^p'^Q'^^X X^o^used^^ ^^ot used X"Not used X^ot used^ Not used^ DhDl ^ Not u sed 



(Target Bank) 



(Source Bank) 



X 
X 



Target Bank dd 



X 



^C^XIrDC 
XHXEDC 



Not used X^ DhD,^ ^^N^ used yNotus^dyNot used ^ Not used^^ Qp Code^ 



(Note) This figure is shown that transfered the 2-bytes data started from even 
address If transfered more than 3-bytes data, the cycle (^) is repeated 
each 2-bytes 



251 



APPENDIX B 

Series MELPS 7700 yachine Instructions 



MACHINE INSTRUCTIONS 



Addressing mode 



Symbol 


Function 


Details 


IMP 


IMM 


A 


DIP 


DIR.b 


DIR.X 


DIR,Y 


(DIR) 


(DIR.X) 


(DIR),Y 








op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




ADC 

(Note 1,2) 


Acc.C — Acc+M+C 


Adds the carry, the accumulator and the memory contents 
The result is entered into the accumulator When the D 








69 


2 


2 








65 


4 


2 








75 


5 


2 








72 


6 


2 


61 


7 


2 


71 


8 


2 






flag IS "0", binary additions is done, and when the D flag is 
1 , decimal addition is done 








42 
69 


4 


3 








42 
65 


6 


3 








42 
75 


7 


3 








42 
72 


8 


3 


42 
61 


9 


3 


42 
71 


10 


3 


AND 

( NIntP 1 0) 


Acc *~ AccAM 


Obtains the logical product of the contents of the accumu- 
lator and the contents of the memory The result is en- 








29 


2 


2 








25 


4 


2 








35 


5 


2 








32 


6 


2 


21 


7 


2 


31 


8 


2 






tered into the accumulator 








42 
29 




3 








42 
25 












35 












32 






21 






31 






ASL 
(Note 1) 


m=0 

[c]Hbi5l IboM 
m=l 

[c]H b7| IboM 


Shifts the accumulator or the memory contents one bit to 
the left "0" is entered into bit 0 of the accumulator or the 
memory The contents of bit 15 (bit 7 when the m flag is 
"1") of the accumulator or memory before shift is entered 

llllU IHc \j May 














42 
OA 


4 


2 












































BBC 

( Note 3 5) 


Mb=0'' 


Tests the specified bit of the memory Branches when all 






























































BBS 

(Note 3,5) 


Mb=l 


Tests the specified bit of the memory Branches when all 






























































BCC 
(Notes) 


C=0'' 


Branches when the contents of the C flag is "0" 






























































BCS 
(Notes) 


C=l 


Branches when the contents of the C flag is "1" 






























































BEQ 
(Notes) 


Z=l 


Branches when the contents of the Z flag is "1" 






























































BMI 

(Notes) 


N = l 


Branches when the contents of the N flag is "1" 






























































BNE 

(Notes) 


Z=0'' 


Branches when the contents of the Z flag is "0" 






























































BPL 

(Notes) 


N=0'' 


Branches when the contents of the N flag is "0" 






























































BRA 
(Note 4) 


PC *-PC± offset 
PG-PG+1 
(carry occured) 
PG-PG-1 
(borrow occured) 


Jumps to the address indicated by the program counter 
plus the offset value 






























































BRK 


PC-PC+2 
M(S)-PG 

s*-s-i 

M(S)*-PCh 

M(S)-PCl 
S-S-1 
M(S)-PSh 
S*—S— 1 
M(S)-PSl 

s*-s-i 

1—1 

PCl*-ADl 
PCh*-ADh 
PG*-00i6 


Executes software interruption 


00 


15 


2 
























































BVC 
(Notes) 




Branches when the contents of the V flag is "0" 






























































BVS 
(Notes) 


v=i 


Branches when the contents of the V flag is "1" 






























































CLE 
(Notes) 


Mb-0 


Makes the contents of the specified bit in the memory "0" 


























14 


8 


3 
































CLC 


C-0 


Makes the contents of the C flag "0" 


18 


2 


1 
























































CLI 


l«-0 


Makes the contents of the 1 flag "0" 


58 


2 


1 
























































CLM 


m— 0 


Makes the contents of the m flag "0" 


D8 


2 


1 
























































CLP 


PSb-0 


Specifies the bit position in the processor status register by the bit 
pattern of the second byte in the instruction, and sets "0" in that bit 








C2 


4 


2 


















































CLV 


V-0 


Makes the contents of the V flag "0" 


B8 


2 


1 
























































CMP 
(Note 1.2) 


Acc— M 


Compares the contents of the accumulator with the contents of 
the memory 








C9 


2 


2 








C5 


4 


2 








D5 


5 


2 








D2 


6 


2 


Cl 


7 


2 


Dl 


8 


2 














42 
C9 


4 


3 








42 
C5 


6 


3 








42 
D5 


7 


3 








42 
D2 


8 


3 


42 
Cl 


9 


3 


42 
Dl 


10 


3 



252 



APPENDIX B 

Series MELPS 7700 Machine Instructions 



Addressing mode 



Processor status register 



UDIR) 



L(DIR),Y 



(ABS) 



L(ABS) 



(ABS.X) 



REL 



DIR.b.R 



ABS.b.R 



(SR),Y 



f op n # c 



op n 



op n # 



op n # 



op n # 



op n # 



op n # 



4212 : 
67 



4213 : 
77 



i 42 £ 
79 



[ 42 I 
6F 



42 10 
73 



4212 : 
27 



4213 : 
37 



1 42 { 
39 



I 42 { 
2F 



42 10 
33 



4212 ; 
C7 



42 13 : 
D7 



42 £ 
DD 



\ 42 { 
CF 



i 42 J 
DF 



4210 
D3 



Specified flag be- 
comes "0" 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 



Addressing mode 



Symbol 


Function 


Details 


IMP 


IMM 


A 


DIP 


DIR.b 


DIR.X 


DIR,Y 


(DIP) 


(DIR.X) 


(DIR),Y 








op 


n 




op 


n 


# 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 


# 


op 


n 


# 


op 


n 




CPX 

(Note 1,2) 


X-M 


Compares the contents of the index register X with the 
contents of the memory 








EO 


2 


2 








E4 


4 


2 






































CPY 

(Note 1,2) 


Y-M 


Compares the contents of the index register Y with the 
contents of the memory 








CO 


2 


2 








C4 


4 


2 






































DEC 
(Note 1 ) 


Acc*-Acc-1 or 


Decrements the contents of the accumlator or memory by 














lA 


2 


1 


C6 


7 


2 








D6 


7 


2 












































42 
lA 


4 


2 












































DEX 


X— X-1 


Decrements the contents of the index register X by 1 


CA 


2 


1 
























































DEY 


Y-Y-1 


Decrements the contents of the index register Y by 1 


88 


2 


1 
























































DIV 

(Note 2.10) 


A(quotient)— B,A/M 
B(remainder) 


The numeral ttiat places ttie contents of accumulator B to the higher ader and the 
contents of accumulator A to the lower ader is divided by the contents of the memay 
file quotient is entered into accumulata A and the remainder into accumulator B 








89 
29 


27 


3 








89 
25 


29 


3 








89 
35 


30 


3 








89 
32 


31 


3 


89 
21 


32 


3 


89 
31 


33 


3 


EOR 

(Note 1,2) 


Acc*~AccVM 


Logical exclusive sum is obtained of the contents of the 
accumulator and the contents of the memory The result is 








49 


2 


2 








45 


4 


2 








55 


5 


2 








52 


6 


2 


41 


7 


2 


51 


8 


2 






placed into the accumulator 








42 
49 


4 


3 








42 
45 


6 


3 








42 
55 


7 


3 








42 
52 


8 


3 


42 
41 


9 


3 


42 
51 


10 


3 


INC 

(Note 1) 


Acc'-Acc+l or 


Increments the contents of the accumulator or memory by 
1 














3A 


2 


1 


E6 


7 


2 








F6 


7 


2 












































42 
3A 


4 


2 












































INX 


X-X+1 


Increments the contents of the index register X by 1 


E8 


2 


1 
























































INY 


Y-Y+1 


Increments the contents of the index register Y by 1 


C8 


2 


1 
























































JMP 


ABS 

PCl- ADl 
PCh -ADh 

ABL 

PCl - ADl 
PCh — ADh 
PG-ADg 

(ABS) 

PCl -(ADh. ADl) 
PCh-(ADh.ADl+1) 

L(ABS) 

PCl -(ADh, ADl) 
PCh-(ADh,ADl+1) 
PG-(ADh, ADl+2) 

(ABS, X) 

PCl-(ADh,ADl+X) 
PCh -(ADh, ADl+X 
+1) 


Places a new address into the program counter and jumps 
to that new address 






























































JSR 


ABS 

M(S)- PCh 
S-S-1 
M(S)-PCl 
S-S-1 
PCl- ADl 
PCh -ADh 

ABL 

M(S)-PG 
S-S-1 
IVHb;— rL-H 
S-S-1 
M(S)-PCl 
S-S-1 
PCl- ADl 
PCh - ADh 
PG - ADg 

(ABS, X) 

M(S)-PCh 

S-S-1 

M(S)-PCl 

S-S-1 

PCl-(ADh,ADl+X) 
PCh -(ADh, ADl+X 
+ 1) 


Saves the contents of the program counter (also the con- 
tents of the program bank register for ABL) into the stack, 
and jumps to the new address 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 



Addressing mode 



L(DIR) I 
op n # c 



ABS,b 
F op n # 



ABS.X 
op n # 



ABS,Y 
op n # 



ABL 

op n # 



ABL,X 
op n # 



(ABS) 
op n # 



L(ABS) 
op n # 



(ABS.X) 
op n # 



op n # 



op n # 



DlR.b.R 
op n # 



ABS.b.R 
op n # 



op n # 



(SR).Y 
op n # 



BLK 

op n # 



89 35 : 
27 



4212 ; 
47 



89 36 ; 
37 



4213 ; 
57 



89 29 ' 
2D 



89 31 
3D 



89 31 . 
39 



I 42 { 
59 



89 31 
2F 



\ 42 { 
4F 



i 89 32 ! 
3F 



) 42 5 
5F 



89 30 : 
23 



42 ; 
43 



89 33 : 
33 



J 4210 2 
53 



Processor status register 
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APPENDIX B 

Series MELPS 7700 Machine Instructions 



Addressing mode 



Symbol 


Function 


Details 


IMP 


IMM 


A 


DIR 


DIR,b 


DIR,X 


DIR,Y 


(DIR) 


(DIR.X) 


(DIR),Y 








op 


n 




op 


n 




op 


n 




op 


n 


# 


op 


n 




op 






























LDA 

(Note 1,2) 


Acc M 


Enters the contents of the memory into the accumulator 








A9 


2 


2 








A5 


4 


2 








B5 


5 


2 








B2 


6 


2 


Al 


7 


2 


Bl 


8 


2 














A9 












A5 












B5 




3 








42 
B2 


8 


3 


42 
Al 


9 


3 


42 
Bl 


10 


3 


LDM 
(Notes) 


M IMM 


Enters the immediate value into the memory 




















64 


4 


3 








74 


5 


3 


























LDT 












89 

C2 


5 


3 


















































LDX 

( Note 1 ,2) 


M 


Enters the contents of the memory into index register X 








A2 


2 


2 








A6 


4 


2 














B6 


5 


2 




















LDY 

(Note 1,2) 


Y- M 


Enters the contents of the memory into index register Y 








AO 


2 


2 








A4 


4 


2 








B4 


5 


2 


























LSR 

(Note 1 ) 


m=0 

0— Ibisi |bo|-*C 
m=1 

OHbyl Ibohc 


Shifts the contents of the accumulator or the contents of 
the memory one bit to the right The bit 0 of the accumula- 














4A 


2 


1 


46 


7 


2 








56 


7 


2 




























tor or the memory is entered into the C flag "0" is entered 
into bit 15 (bit 7 when the m flag is "1" ) 














42 
4A 


4 


2 












































MPY 

(Note 2,11) 


B A*-A*M 


ory The higher order of the result of operation are entered into accu- 
mulator B, and the lower order into accumulator A 








89 
09 


16 


3 








89 
05 


18 


3 








89 
15 


19 


3 








89 
12 


20 


3 


89 
01 


21 


3 


89 
11 


22 


3 


MVN 
(Note 8) 


Mn+i*-Mm+i 


Transmits the data blocl< The transmission is done from 






























































MVP 
(Note 9) 


Mn — i*-Mm— 1 


Transmits the data block Transmission is done form the 
higher order address of the data block 






























































NOP 


PC'-PC+l 


Advances the program counter, but performs nothing else 


EA 


2 


1 
























































ORA 

(Note 1,2) 


Acc*-AccVM 


Logical sum per bit of the contents of the accumulator and 
the contents of the memory is obtained The result is en- 








09 


2 


2 








05 


4 


2 








15 


5 


2 








12 


6 


2 


01 


7 


2 


11 


8 


2 






tered into the accumulator 








42 
09 


4 


3 








42 
05 


6 


3 








42 
15 


7 


3 








42 
12 


8 


3 


42 
01 


9 


3 


42 
11 


10 


3 


PEA 


M(S)-IMM2 

s*-s-i 

M(S)*-IMMi 
S-S-1 


The 3rd and the 2nd bytes of the instruction are saved into 
the stack, in this order 






























































PEI 


M(S)-M((DPR)4-IMM 

+1) 
S-S-1 

M(S)-M((DPR)+IMM) 
S-H-s— 1 


Specifies 2 sequential bytes in the direct page m the 2nd 
byte of the instruction, and saves the contents into the 
stack 






























































PER 


EAR*-PC+IMM2.IMM] 
M(S)-EARh 

s*-s-i 

M(S)-EARl 
S^S-1 


Regards the 2nd and 3rd bytes of the instruction as 16-bit 
numerals, adds them to the program counter, and saves 
the result into the stack 






























































PHA 


m=0 

M(S)*-Ah 

S-S-1 

M(S)-Al 

s*-s-i 

m=l 

M(S)^Al 
S-S-1 


Saves the contents of accumulator A into the stack 






























































PHB 


m=0 

M(S)*-Bh • 
S-S-1 
M(S)-Bl 
S-S-1 

m=l 

M(S)-Bl 
S-S-1 


Saves the contents of accumulator B into the stack 
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Series MELPS 7700 Machine Instructions 



Addressing mode 



Processor status register 



L(DIR) 



L(DIR),Y 



ABS.b 



(ABS) 



L(ABS) 



(ABS.X) 



REL 



DIR.b.R 



ABS,b,R 



(SR),Y 



f op n # c 



op n # 



op n # 



op n # 



op n # 



op n # 



op n # 



op n # 



42 12 : 
A7 



! 42 ( 
AD 



42 E 
BD 



; 42 J 
BF 



42 10 
B3 



89 24 : 
07 



89 25 ; 
17 



89 18 ' 
OD 



89 20 ^ 
ID 



89 20 ^ 
19 



89 20 5 
OF 



89 21 I 
IF 



8919 
03 



89 22 
13 



4212 : 
07 



42 13 ; 
17 



42 i 
ID 



I 42 f 
19 



I 42 J 
OF 



i 42 J 
IF 



44 9 3 
+ 



4210 
13 
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Series MELPS 7700 Machine Instructions 



Symbol 


Function 


Details 


Addressing mode 


IIVIP 


IMM 


A 


DIR 


DIR.b 


DIR.X 


DIR.Y 


(DIR) 


(DIR,X) 


(DIR),Y 


op 


n 




op 


n 




op 


n 


# 


op 


n 




op 


n 




op 


n 




op 


n 


# 


op 


n 


t 


op 


n 




op 


n 




PHD 


M(S)'-DPRh 
S-S-1 
M(S)-DPRl 
S-S-1 


Saves the contents of the direct page register into the 
stack 






























































PHG 


M(S)-PG 
S-S-1 


Saves the contents of the program bank register into the 
stack 






























































PHP 


M(S)-PSh 
S-S-1 
M(S)-PSl 
S-S-1 


Saves the contents of the program status register into the 
stack 






























































PHT 


M(S)-DT 
S-S-1 


Saves the contents of the data bank register into the 
stack 






























































PHX 


x=0 

M(S)-Xh 
S-S-1 
M(S)-Xl 
S-S-1 

x=l 

M(S)-Xl 
S-S-1 


Saves the contents of the index register X into the stack 






























































PHY 


x=0 

M(S)-Yh 
S-S-1 
M(S)-Yl 
S-S-1 

x=l 

M(S)-Yu 
S-S-1 


Saves the contents of the index register Y into the stack 






























































PLA 


m=0 

S-S+1 

Al-M(S) 

S-S+1 

Ah-M(S) 

m=l 

S-S+1 

Al-M(S) 


Restores the contents of the stack on the accumulator A 






























































PLB 


m=0 

S-S+1 

Bl-M(S) 

S-S+1 

Bh-M(S) 

m=l 
S— S+1 
Bl-M(S) 


Restores the contents of the stack on the accumulator B 






























































PLD 


S-S+1 
DPRl-M(S) 
S-S+1 
DPRh-M(S) 


Restores the contents of the stack on the direct page reg- 
ister 






























































PLP 


S-S+1 
PSl-M(S) 
S-S+1 
PSh-M(S) 


Restores the contents of the stack on the processor status 
register 






























































PLT 


S-S+1 
DT— M(S) 


Restores the contents of the stack on the data bank reg- 
ister 






























































PLX 


x=0 
S-S+1 
Xl— M(S) 
S-S+1 
Xh-M(S) 

x=l 

S-S+1 
Xl-M(S) 


Restores the contents of the stack on the index register X 
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Addressing mode 


Processor status register 


L(DIR) 


L(D1R),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


L(ABS) 


(ABS.X) 


STK 


REL 


DIR,b,R 


ABS,b,R 


SR 


(SR).Y 


BLK 


10| 9 1 8 


7 


6 


5 


4 


3 


2 


1 


0 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 


# 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




IPL 


N 


V 


m 


X 


D 


1 


Z 


c 




































































OB 


4 


1 






























































































































4B 


3 


1 






























































































































08 


4 


1 






























































































































88 


3 


1 






























































































































DA 


4 


1 






























































































































5A 


4 


1 






























































































































68 


5 


1 
























































Z 


• 




































































42 
68 


7 


2 
























































z 






































































2B 


5 


1 






























































































































28 


6 


1 






































Value saved in stack 




































































AB 


6 


1 
























































z 






































































FA 


5 


1 
























































z 
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Addressing mode 



Symbol 


Function 


Details 


IMP 


IMM 


A 


DIR 


DIR.b 


DIR,X 


DIR,Y 


(DIR) 


(DIR,X) 


(DIR),Y 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 


# 


op 


n 




op 


n 




op 


n 




PLY 


x=0 

S-S+1 

Yl-M(S) 

S-S+1 

Yh-M(S) 

x=l 

S-S+1 
Yl-M(S) 


Restores the contents of the stack on the index register Y 






























































PSH 
(Note 6) 


M(S)-A, B, X •• 


Saves the registers among accumulator, index register, 
direct page register, data bank register, program bank 
register, or processor status register, specified by the bit 
pattern of the second byte of the instruction into the stack 






























































PUL 

(Note?) 


A, B, X--— M(S) 


Restores the contents of the stack to the registers among 
accumulator, index register, direct page register, data 
bank register, or processor status register, specified by 
the bit pattern of the second byte of the instruction 






























































RLA 

(Note 13) 


m=0 

n bit rotate left 

^1 bisl 1 bo|— 

n bit rotate left 

Lib;! |bo|J 


Rotates the contents of the accumulator A, n bits to the 
left 








89 
49 


6 
+ 


3 


















































ROL 
(Note 1) 


m=0 


Links the accumulator or the memory to C flag, and rotates 
result to the left by 1 bit 














2A 


2 


1 


26 


7 


2 








36 


7 


2 


























L|b,5l Ib0|-[C]J 

m=l 

^b7| Ib0l-[C]J 


42 
2A 


4 


2 


ROR 
(Note 1) 


m=0 


Links the accumulator or the memory to C flag, and rotates 
result to the right by 1 bit 














6A 


2 


1 


66 


7 


2 








76 


7 


2 


























L^-ra iboiJ 

m=1 

L[cHb7| |bo|J 


42 
6A 


4 


2 


RTI 


S-S+1 

PSl— M(S) 

S-S+1 

PSh-M(S) 

S-S+1 

PCl-M(S) 

S-S+1 

PCh-M(S) 

S-S+1 

PG-M(S) 


Returns from the interruption routine 


40 


11 


1 
























































RTL 


S-S+1 

PCl-M(S) 

S-S+1 

PCh-M(S) 

S-S+1 

pg-m(s) 


Returns from the subroutine The contents of the program 
bank register are also restored 


6B 


8 


1 
























































RTS 


S-S+1 
PCl-M(S) 
S-S+1 
PCh-M(S) 


Returns from the subroutine The contents of the program 
bank register are not restored 


60 


5 


1 
























































SBC 

(Note 1,2) 


Acc. C— Acc-M-C 


Subtracts the contents of the memory and the borrow from 
the contents of the accumulator 








E9 


2 


2 








E5 


4 


2 








F5 


5 


2 








F2 


6 


2 


El 


7 


2 


Fl 


8 


2 


42 
E9 


4 


3 


42 
E5 


6 


3 


42 
F5 


7 


3 


42 
F2 


8 


3 


42 
El 


9 


3 


42 
Fl 


10 


3 
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Addressing mode 


Processor status register 


L(DIR) 


L(DIR),Y 


ABS 


ABS.b 


ABS.X 


ABS.Y 


ABL 


ABL.X 


(ABS) 


L(ABS) 


(ABS.X) 


STK 


REL 


DlR.b.R 


ABS.b.R 


SR 


(SR),Y 


BLK 


10 9 1 8 


7 


6 


5 


4 


3 


2 


1 


0 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 


# 


IPL 


N 


V 






D 


1 


z 


c 




































































7A 


5 


1 
























































z 






































































EB 

2 


12 
+ 
1 + 


2 

12 






























































































































FB 

3i 


14 
+ 

+ 


2 

12 






































If restored the contents of PS, 
It becomes its value And the 
other case is no change 
















































































































































2E 


7 


3 








3E 


8 


3 


































































































z 


c 














6E 


7 


3 








7E 


8 


3 


































































































z 


c 














































































































Value saved in stack 






































































































































































































































































E7 


10 


2 


F7 


11 


2 


ED 


4 


3 








FD 


6 


3 


F9 


6 


3 


EF 


6 


4 


FF 


7 


4 












































E3 


5 


2 


F3 


8 


2 














N 


V 










z 


c 


42 
E7 


12 


3 


42 
F7 


13 


3 


42 
ED 


6 


4 


42 
FD 


8 


4 


42 
F9 


8 


4 


42 
EF 


8 


5 


42 
FF 


9 


5 


42 
E3 


7 


3 


42 
F3 


10 


3 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


DIR 


DIR.b 


DIR.X 


DIR.Y 


(DIR) 


(DIR,X) 


(DIR),Y 


op 


n 




op 


n 


# 


op 


n 




op 


n 


# 


op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




op 


n 




SEB 
(Note 5) 




Makes the contents of the specified bit in the memory "1" 


























04 


8 


3 
































SEC 


C*-l 


Makes the contents of the C flag "1" 


38 


2 


1 
























































SEI 


1—1 


Makes the contents of the 1 flag "1" 


78 


2 


1 
























































SEM 


m-1 


Makes the contents of the m flag "1" 


F8 


2 


1 
























































SEP 


PSb-1 


Set the specified bit of the processor status register's low- 
er byte (PSl) to "1" 








E2 


3 


2 


















































STA 
(Note 1) 


M*-Acc 


Stores the contents of the accumulator into the memory 




















85 


4 


2 








95 


5 


2 








92 


7 


2 


81 


7 


2 


91 


7 


2 


42 
85 


6 


3 


42 
95 


7 


3 


42 
92 


9 


3 


42 
81 


9 


3 


42 
91 


9 


3 


STP 




Stops the oscillation of the oscillator 


DB 


3 


1 
























































STX 


M— X 


Stores the contents of the index register X into the memory 




















86 


4 


2 














96 


5 


2 




















STY 


M— Y 


Stores the contents of the index register Y into the memory 




















84 


4 


2 








94 


5 


2 


























TAD 


DPR-A 


Transmits the contents of the accumulator A to the direct 
page register 


5B 


2 


1 
























































TAS 


S-A 


Transmits the contents of the accumulator A to the stack pointer. 


IB 


2 


1 
























































TAX 


X-A 


Transmits the contents of the accumulator A to the index 
register X 


AA 


2 


1 
























































TAY 


Y-A 


Transmits the contents of the accumulator A to the index 
register Y. 


A8 


2 


1 
























































TBD 


DPR-B 


Transmits the contents of the accumulator B to the direct 
page register 


42 
5B 


4 


2 
























































TBS 


S*-B 


Transmits the contents of the accumulator B to the stack 
pointer. 


42 
IB 


4 


2 
























































TBX 


X— B 


Transmits the contents of the accumulator B to the index 
register X 


42 
AA 


4 


2 
























































TBY 


Y*-B 


Transmits the contents of the accumulator B to the index 
register Y 


42 
A8 


4 


2 
























































TDA 


A-DPR 


Transmits the contents of the direct page register to the 
accumulator A 


7B 


2 


1 
























































TDB 


B-DPR 


Transmits the contents of the direct page register to the 
accumulator B 


42 
7B 


4 


2 
























































TSA 


A-S 


Transmits the contents of the stack pointer to the accumulator A 


3B 


2 


1 
























































TSB 


B— S 


Transmits the contents of the stack pointer to the accumu- 
lator B 


42 
3B 


4 


2 
























































TSX 


x*-s 


Transmits the contents of the stack pointer to the index 
register X. 


BA 


2 


1 
























































TXA 


A*-X 


Transmits the contents of the index register X to the accu- 
mulator A 


8A 


2 


1 
























































TXB 


B*-X 


Transmits the contents of the index register X to the accu- 
mulator B 


42 
8A 


4 


2 
























































TXS 


S-X 


Transmits the contents of the index register X to the stack 
pointer. 


9A 


2 


1 
























































TXY 


Y*-X 


Transmits the contents of the index register X to the index 
register Y 


OB 


2 


1 
























































TYA 


A-Y 


Transmits the contents of the index register Y to the accu- 
mulator A 


98 


2 


1 
























































TYB 


B-Y 


Transmits the contents of the index register Y to the accu- 
mulator B 


42 
98 


4 


2 
























































TYX 


X*-Y 


Transmits the contents of the Index register Y to the index 
register X 


BB 


2 


1 
























































WIT 




Stops the internal clock 


CB 


3 


1 
























































XAB 




Exchanges the contents of the accumulator A and the con- 
tents of the accumulator B 


89 
28 


6 


2 
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Addressing mode 



Processor status register 



L(DIR) 
op n # 



L(DIR),Y 
op n # 



op n # c 



I ABS.X 
P op n # 



op n # 



ABL 

op n # 



op n # 



(ABS) 
op n # 



4212 ; 
87 



4213 : 
97 



42 / 
9D 



I 42 / 
99 



I 42 { 
8F 



L(ABS) (ABS.X) 



op n # 



op n # 



op n # 



op n # 



op n # 



ABS.b.R 
op n # 



SR 

op n # 



(SR),Y 
op n # 



4210 : 
93 



BLK 

op n # 



Specified flag be- 
comes "1" 
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The number of cycles shown in the table is described in case of the fastest mode for each instruction The number of cycles shown in the table is 
calculated for DPRl=0 The number of cycles in the addressing mode concerning the DPR when DPRl=#0 must be incremented by 1. 
The number of cycles shown in the table differs according to the bytes fetched into the instruction queue buffer, or according to whether the memory 
read/write address is odd or even It also differs when the external region memory is accessed by BYTE="H" 

Note 1 . The operation code at the upper row is used for accumulator A, and the operation at the lower row is used for accumulator B 
Note 2 . When setting flag m=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1 
Note 3 . The number of cycles increments by 2 when branching 

Note 4 . The operation code on the upper row is used for branching in the range of — 128~+127, and the operation code on the lower row is used for 
branching in the range of —32768 — f-32767 

Note 5 . When handling 16-bit data with flag m=0, the byte in the table is incremented by 1 

Note 6. 



Type of register 


A 


B 


X 


Y 


DPR 


DT 


PG 


PS 


Number of cycles 


2 


2 


2 


2 


2 


1 


1 


2 



The number of cycles corresponding to the register to be pushed are added. The number of cycles when no pushing is done is 12 ii indicates 
the number of registers among A, B, X, Y, DPR, and PS to be saved, while ia indicates the number of registers among DT and PG to be saved 

Note 7. 



Type of register 


A 


B 


X 


Y 


DPR 


DT 


PS 


Number of cycles 


3 


3 


3 


3 


4 


3 


3 



The number of cycles corresponding to the register to be pulled are added The number of cycles when no pulling is done is 14 h indicates the 
number of registers among A, B, X, Y, DT, and PS to be restored, while i2=1 when DPR is to be restored 

Note 8 . The number of cycles is the case when the number of bytes to be transfered is even 
When the number of bytes to be transfered is odd, the number is calculated as, 

7+ (i/2) X7 + 4 

Note that, (i/2) shows the integer part when i is divided by 2 

Note 9 . The number of cycles is the case when the number of bytes to be transfered is even 
When the number of bytes to be transfered is odd, the number is calculated as, 

9+ (i/2) X7 + 5 

Note that, (i/2) shows the integer part when i is divided by 2 

Note 10. The number of cycles is the case in the 16-bit-^8-bit operation The number of cycles is incremented by 16 for 32-bit-M6-bit operation 

Note 11. The number of cycles is the case in the 8-bitX8-bit operation The number of cycles is incremented by 8 for 16-bit X16-bit operation 

Note 12. When setting flag x=0 to handle the data as 16-bit data in the immediate addressing mode, the number of bytes increments by 1 

Note 13. When flag m is 0, the byte in the table is"incremented by 1 
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Symbol 


Description 


Symbol 


Description 


IMP 


Implied addressing mode 


V 


Exclusive OR 


IMM 


Immediate addressing mode 




Negation 


A 


Accumulator addressing mode 




Movement to the arrow direction 


DIR 


Direct addressing mode 


Acc 


Accumulator 


DIR. b 


Direct bit addressing mode 


AcCH 


Accumulator's upper 8 bits 


DIR, X 


Direct indexed X addressing mode 


AcCL 


Accumulator's lower 8 bits 


DIR, Y 


Direct indexed Y addressing mode 


A 


Accumulator A 


(DIR) 


Direct indirect addressing mode 


Ah 


Accumulator A's upper 8 bits 


(DIR, X) 


Direct indexed X indirect addressing mode 


Al 


Accumulator A's lower 8 bits 


(DIR), Y 


Direct indirect indexed Y addressing mode 


B 


Accumulator B 


L (DIR) 


Direct indirect long addressing mode 


Bh 


Accumulator B's upper 8 bits 


L (DIR). Y 


Direct indirect long indexed Y addressing mode 


Bl 


Accumulator B's lower 8 bits 


ABS 


Absolute addressing mode 


X 


Index register X 


ABS. b 


Absolute bit addressing mode 


Xh 


Index register X's upper 8 bits 


ABS, X 


Absolute indexed X addressing mode 


Xl 


Index register X's lower 8 bits 


ABS, Y 


Absolute indexed Y addressing mode 


Y 


Index register Y 


ABL 


Absolute long addressing mode 


Yh 


Index register Y's upper 8 bits 


ABL, X 


Absolute long indexed X addressing mode 


Yl 


Index register Y's lower 8 bits 


(ABS) 


Absolute indirect addressing mode 


s 


Stack pointer 


L (ABS) 


Absolute indirect long addressing mode 


PC 


Program counter 


(ABS. X) 


Absolute indexed X indirect addressing mode 


PCh 


Program counter's upper 8 bits 


STK 


Stack addressing mode 


PCl 


Program counter's lower 8 bits 


REL 


Relative addressing mode 


PG 


Program bank register 


DIR. b. REL 


Direct bit relative addressing mode 


DT 


Data bank register 


ARQ h REI 


Absolute bit relative addressing mode 


DPR 


Direct page register 


SR 


OLclUt\ ^'Ulillt;! icIdLlvc dUUi c;oolliy lliuuc 


DPRh 


Direct page registers upper 8 bits 




Stack pointer relative indirect indexed Y addressing 


DPRl 


Direct page register's lower 8 bits 




mode 


PS 


Processor status register 


BLK 


Block transfer addressing mode 


PSh 


Processor status register's upper 8 bits 


C 


Carry flag 




Processor status register s lower 8 bits 


Z 


Zero flag 






1 


Interrupt disable flag 


M(S) 


Oontents of memory at address indicated by stack 


D 


Decimal operation mode flag 




pointer 


X 


Index register length selection flag 


Mb 


b-th memory location 


m 


Data length selection flag 


ADg 


Value of 24-bit address's upper 8-bit (A23~Ai6) 




OvGrflow fl^Q 


ADh 


VdlUC Ul t.*T Ull dUUIUooo iMIUUlU O UIL MQ/ 


N 


Negative flag 


ADl 


Value of 24-bit address's lower 8-bit (A7~Ao) 


IPL 


Processor interrupt priority level 


op 


Operation code 


+ 


Addition 


n 


Number of cycle 




Subtraction 


# 


Number of byte 


* 


Multiplication 


1 


Number of transfer byte or rotation 


/ 


Division 




Number of registers pushed or pulled 


A 


Logical AND 






V 


Logical OR 
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INSTRUCTION CODE TABLE-1 





Da- Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 


\ Hexadecimal 
D7~D4\ notation 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


C 


D 


E 


F 


0000 


0 


BRK 


ORA 

A,(DIR,X) 




ORA 
A,SR 


SEB 
DIR.b 


ORA 
A.DIR 


ASL 
DIR 


ORA 

A,L(DIR) 


PHP 


ORA 
A.IMM 


ASL 
A 


PHD 


SEB 
ABS.b 


ORA 
A.ABS 


ASL 
ABS 


ORA 
A.ABL 


0001 


1 


BPL 


ORA 

A,(DIR),Y 


ORA 
A,(DIR) 


ORA 

A,(SR),Y 


CLB 
DIR.b 


ORA 
A.DIR.X 


ASL 
DIR.X 


ORA 

A,L(DIR),Y 


CLC 


ORA 
A.ABS.Y 


DEC 
A 


TAS 


CLB 
ABS.b 


ORA 

A.ABS.X 


ASL 
ABS.X 


ORA 
A.ABL.X 


0010 


2 


JSR 
ABS 


AND 

A,(DIR,X) 


JSR 
ABL 


AND 
A.SR 


BBS 
DIR.b.R 


AND 
A.DIR 


ROL 
DIR 


AND 
A,L(DIR) 


PLP 


AND 
A.IMM 


ROL 
A 


PLD 


BBS 
ABS.b.R 


AND 
A.ABS 


ROL 
ABS 


AND 
A.ABL 


0011 


3 


BMI 


AND 

A,(DIR),Y 


AND 
A.(DIR) 


AND 

A,(SR),Y 


BBC 
DIR.b.R 


AND 
A.DIR.X 


ROL 
DIR.X 


AND 

A,L(DIR),Y 


SEC 


AND 

A.ABS.Y 


INC 
A 


TSA 


BBC 
ABS.b.R 


AND 
A.ABS.X 


ROL 
ABS.X 


AND 

A.ABL.X 


0100 


4 


RTI 


EOR 

A,(DIR,X) 


Note 1 


EOR 
A,SR 


MVP 


EOR 
A.DIR 


LSR 
DIR 


EOR 

A,L(DIR) 


PHA 


EOR 
A.IMM 


LSR 
A 


PHG 


JMP 
ABS 


EOR 
A.ABS 


LSR 
ABS 


EOR 
A.ABL 


0101 


5 


BVC 


EOR 

A,(DIR),Y 


EOR 
A,(DIR) 


EOR 

A,(SR),Y 


MVN 


EOR 
A.DIR.X 


LSR 
DIR.X 


EOR 

A,L(DIR),Y 


CLI 


EOR 

A.ABS.Y 


PHY 


TAD 


JMP 
ABL 


EOR 
A.ABS.X 


LSR 
ABS.X 


EOR 
A.ABL.X 


0110 


6 


RTS 


ADC 

A,(DIR,X) 


PER 


ADC 
A,SR 


LDM 
DIR 


ADC 
A.DIR 


ROR 
DIR 


ADC 

A,L(DIR) 


PLA 


ADC 
A.IMM 


ROR 
A 


RTL 


JMP 

(ABS) 


ADC 
A.ABS 


ROR 
ABS 


ADC 
A.ABL 


0111 


7 


BVS 


ADC 

A,(DIR),Y 


ADC 
A,(DIR) 


ADC 

A,(SR),Y 


LDM 
DIR.X 


ADC 
A.DIR.X 


ROR 
DIR.X 


ADC 

A,L(DIR),Y 


SEI 


ADC 
A.ABS.Y 


PLY 


TDA 


JMP 

(ABS.X) 


ADC 
A,ABS,X 


ROR 
ABS.X 


ADC 
A.ABL.X 


1000 


8 


BRA 
REL 


STA 

A,(DIR,X) 


BRA 
REL 


STA 
A,SR 


STY 
DIR 


STA 
A.DIR 


STX 
DIR 


STA 

A,L(DIR) 


DEY 


Note 2 


TXA 


PHT 


STY 
ABS 


STA 
A.ABS 


STX 
ABS 


STA 
A.ABL 


1001 


9 


BCC 


STA 

A,(DIR),Y 


STA 
A,(DIR) 


STA 
A.(SR),Y 


STY 
DIR.X 


STA 
A.DIR.X 


STX 
DIR.Y 


STA 

A,L(DIR),Y 


TYA 


STA 
A.ABS.Y 


TXS 


TXY 


LDM 
ABS 


STA 
A.ABS.X 


LDM 
ABS.X 


STA 
A,ABL,X 


1010 


A 


LDY 
IMM 


LDA 

A,(DIR,X) 


LDX 
IMM 


LDA 
A,SR 


LDY 
DIR 


LDA 
A.DIR 


LDX 
DIR 


LDA 
A,L(DIR) 


TAY 


LDA 
A.IMM 


TAX 


PLT 


LDY 
ABS 


LDA 
A.ABS 


LDX 
ABS 


LDA 
A.ABL 


1011 


B 


BCS 


LDA 

A,(DIR),Y 


LDA 

A,(DIR) 


LDA 

A,(SR),Y 


LDY 
DIR.X 


LDA 
A,DIR,X 


LDX 
DIR.Y 


LDA 

A,L(DIR),Y 


CLV 


LDA 

A.ABS.Y 


TSX 


TYX 


LDY 
ABS.X 


LDA 

A.ABS.X 


LDX 
ABS.Y 


LDA 
A.ABL.X 


1100 


C 


CPY 
IMM 


CMP 

A,(DIR,X) 


CLP 
IMM 


CMP 
A,SR 


CPY 
DIR 


CMP 
A.DIR 


DEC 
DIR 


CMP 

A.L(DIR) 


INY 


CMP 
A.IMM 


DEX 


WIT 


CPY 
ABS 


CMP 
A.ABS 


DEC 
ABS 


CMP 
A.ABL 


1101 


D 


BNE 


CMP 

A,(DIR),Y 


CMP 
A,(DIR) 


CMP 

A,(SR),Y 


PEI 


CMP 
A.DIR.X 


DEC 
DIR.X 


CMP 

A,L(DIR),Y 


CLM 


CMP 
A.ABS.Y 


PHX 


STP 


JMP 

L(ABS) 


CMP 
A.ABS.X 


DEC 
ABS.X 


CMP 
A.ABL.X 


1110 


E 


CPX 
IMM 


SBC 

A,(DIR,X) 


SEP 
IMM 


SBC 
A.SR 


CPX 
DIR 


SBC 
A.DIR 


INC 
DIR 


SBC 
A,L(DIR) 


INX 


SBC 
A.IMM 


NOP 


PSH 


CPX 
ABS 


SBC 
A.ABS 


INC 
ABS 


SBC 
A.ABL 


1111 


F 


BEQ 


SBC 

A,(DIR),Y 


SBC 
A,(DIR) 


SBC 
A,(SR),Y 


PEA 


SBC 
A.DIR.X 


INC 
DIR.X 


SBC 

A,L(DIR),Y 


SEM 


SBC 
A.ABS.Y 


PLX 


PUL 


JSR 

(ABS.X) 


SBC 
A.ABS.X 


INC 
ABS.X 


SBC 
A.ABL.X 



Note 1 : 42i6 specifies the contents of the INSTRUCTION CODE TABLE-2. 

About the second word's codes, refer to the INSTRUCTION CODE TABLE-2 
Note 2 : 89i6 specifies the contents of the INSTRUCTION CODE TABLE-3 

About the third word's codes, refer to the INSTRUCTION CODE TABLE-2 
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APPENDIX C 

Series MELPS 7700 Instruction Code Table 



INSTRUCTION CODE TABLE-2 (The first word's code of each instruction is 42^6) 





Da-Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


nil 


\Hexadecimal 
U7~U4\^ notation 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


0000 


0 




ORA 

B,(DIR,X) 




ORA 

b,sr 




ORA 
B.DIR 




ORA 

D,Lv UlnJ 




ORA 
B.IMM 


ASL 
B 






ORA 
B.ABS 




ORA 
B.ABL 


0001 


1 




ORA 

b,(dir),y 


ORA 
B,(DIR) 


ORA 

B,(SR),Y 




ORA 
B.DIR.X 




ORA 

□ 1 1 r\iD\ V 
D,LlUlnj,Y 




ORA 
B,ABS,Y 


DEC 
B 


TBS 




ORA 
B.ABS.X 




ORA 
B.ABL.X 


0010 


2 




AND 

B,(DIR,X) 




AND 
B,SR 




AND 
B.DIR 




AND 

o 1 / rvi D ^ 

D.HDIRj 




AND 
B.IMM 


ROL 
B 






AND 
B.ABS 




AND 
B.ABL 


0011 


3 




AND 

B,(DIR),Y 


AND 

b,(dir) 


AND 

B,(SR),Y 




AND 
B.DIR.X 




AND 

D,LiDIH),Y 




AND 
B.ABS.Y 


INC 
B 


TSB 




AND 
B.ABS.X 




AND 
B.ABL.X 


0100 


4 




EOR 

BaDIR.X) 




EOR 
B,SR 




EOR 
B.DIR 




EOR 

D,H UIH j 


PHB 


EOR 
B.IMM 


LSR 
B 






EOR 
B.ABS 




EOR 
B.ABL 


0101 


5 




EOR 

b,(dir),y 


EOR 

B,(DIR) 


EOR 

B.lSRj.Y 




EOR 
B.DIR.X 




EOR 

D 1 [ nin\ v 

B,HDIRj,Y 




EOR 
B.ABS.Y 




TBD 




EOR 
B.ABS.X 




EOR 
B.ABL.X 


0110 


6 




ADC 

b,(dir,x) 




ADC 
B,SR 




ADC 
B.DIR 




ADC 

b,l(dir) 


PLB 


ADC 
B.IMM 


ROR 
B 






ADC 
B.ABS 




ADC 
B.ABL 


0111 


7 




ADC 

b,(dir),y 


ADC 
B,(DIR) 


ADC 
B,(SR),Y 




ADC 
B.DIR.X 




ADC 

b,l(dir),y 




ADC 
B.ABS.Y 




TDB 




ADC 
B.ABS.X 




ADC 
B.ABL.X 


1000 


8 




STA 

b,(dir,x) 




STA 
B,SR 




STA 
B.DIR 




STA 

B.HDIRJ 






TXB 






STA 
B.ABS 




STA 
B.ABL 


1001 


9 




STA 

o { ^ln^ \j 

BADInJ.Y 


STA 

b,(dir) 


STA 

DAcsRJ.Y 




STA 
B,DIR,X 




STA 

D,LlDlRj,Y 


TYB 


STA 
B.ABS.Y 








STA 
B.ABS.X 




STA 
B.ABL.X 


1010 


A 




LDA 

B,(DIR,X) 




LDA 
B,SR 




LDA 
B.DIR 




LDA 

b,l(dir) 


TBY 


LDA 
B.IMM 


TBX 






LDA 
B.ABS 




LDA 
B.ABL 


1011 


B 




LDA 


LDA 

b,( dir) 


LDA 




LDA 
B,DIR,X 




LDA 

n 1 ( niDl V 




LDA 
B,ABS,Y 








LDA 
B.ABS.X 




LDA 
B.ABL.X 


1100 


C 




CMP 

B.(DIR,X) 




CMP 
B.SR 




CMP 
B.DIR 




CMP 

B,L(DIR) 




CMP 
B.IMM 








CMP 
B.ABS 




CMP 
B.ABL 


1101 


D 




CMP 

B,(DIR),Y 


CMP 

b,(dir) 


CMP 

B,(SR),Y 




CMP 
B.DIR.X 




CMP 

B,L(DIR),Y 




CMP 
B.ABS.Y 








CMP 
B.ABS.X 




CMP 
B.ABL.X 


1110 


E 




SBC 

B,(DIR,X) 




SBC 
B.SR 




SBC 
B.DIR 




SBC 
B,L(DIR) 




SBC 
B.IMM 








SBC 
B.ABS 




SBC 
B.ABL 


1111 


F 




SBC 

B,(DIR),Y 


SBC 

b,(dir) 


SBC 
B,(SR),Y 




SBC 
B.DIR.X 




SBC 

B,L(DIR).Y 




SBC 
B.ABS.Y 








SBC 
B.ABS.X 




SBC 
B.ABL.X 
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Series MELPS 7700 Instruction Code Table 



INSTRUCTION CODE TABLE-3 (The first word's code of each instruction Is 6%e) 





Da- Do 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


_\Hexadecimal 
D7~D4\ no(aiion 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


0000 


0 




MPY 
( DIR.X) 




MPY 
SR 




MPY 
DIR 




MPY 

l( dir) 




MPY 
IMM 








MPY 




MPY 


0001 


1 




MPY 

(dir),y 


MPY 

( dir) 


MPY 

(sr),y 




MPY 
DIR,X 




MPY 

LI, Uln ;,Y 




MPY 
ABS.Y 








MPY 
ABS.X 




MPY 
ABL,X 


0010 


2 




DIV 
( DIR.X) 




DIV 
SR 




DIV 
DIR 




DIV 

l( dir) 


XAB 


DIV 
IMM 








DIV 




DIV 


0011 


3 




DIV 

(dir),y 


DIV 

(dir) 


DIV 

(sr),y 




DIV 
DIR.X 




DIV 

L[u\H),y 




DIV 
ABS,Y 








DIV 
ABS,X 




DIV 
ABL.X 


0100 


4 




















rla 

IMM 














0101 


5 


































0110 


6 


































0111 


7 


































1000 


8 


































1001 


9 


































1010 


A 


































1011 


B 


































1100 


C 






LDT 
IMM 




























1101 


D 


































1110 


E 


































nil 


F 
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